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NOTE:     GOLD RINGS  AND ALL JEWELLERY MUST BE REMOVED AND HANDS 
WASHED THOROUGHLY PRIOR TO COMMENCING ALL SAMPLING PROGRAMS 

 
The objective is to collect representative soil samples.  Contamination from equipment and cross-
contamination from other samples must be eliminated. 
 
Sieving 
Dry Soils  � sieve to  �250um at sample site 
Wet soils  � ship to lab for drying and sieve to  �250um 
Chemical soils (clay-rich)  � collect bulk, pulverise at lab 
 
Equipment and Supplies 
 
• all field sampling equipment must be AAplc approved stainless steel or plastic sieve sets 

• Estwing hoe pick or equivalent 

• Kraft (heavy brown paper) 5 in x 3 in single gusset, wire tie closure, soil sample bags  

• standards. 

 
Sample Site 
 
• record data as per project and country requirements (Hub Geochemist) 
 
Sample Collection and Preparation at the Sample Site 
 
• collect sample from 5  to 25 cm depth (remove surficial crust) except in wet climates where 

the sample is collected from directly below the surface organic layer 

• For sampling remove the first 8-10cms of the area to be sampled over an area of approx 1m 
diameter to ensure no surface contamination as well as removing all the surface organic 
material. Dig over and mix very well the central 30-40cm of the cleared area to a depth of 
approx 25cm. After mixing very well, shovel and sieve (if appropriate) 3 pans full of soil to-
1.00mm.  Place sample into a large plastic for further sieving and bulk sample storage. Note: 
After sampling always fill the hole and level the area sampled.   In areas of farming, USE THE 
SAME PROCEDURE DO NOT DIG DEEPER HOLES, NOR SAMPLE FROM A GREATER 
DEPTH.   

 
Quality Control Samples  
 
• Field duplicates and control standards are both inserted at a rate of at least 3 in 100. 

• collect same location field duplicates at a rate of at least 3 in 100, number field duplicates 
with the next consecutive number after the sample number for the duplicate site (i.e. 29 / 30, 
59 / 60, 89 / 90) 

• add 35-50 g of control standard to Kraft sample bags at a rate of at least 3 in 100, using the 
sample numbers in the series that end in 33, 66 and 99 etc.  Aaplc S-series standards (S1, 
S2, S3 etc.) must be always inserted at a rate of 1 to 3 in 100.  Other standards and blanks 
can be inserted as required.   
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Executive Summary 
 
A total of 1148 rock samples were collected from the Los Bronces region in several sampling campaigns between 
2007 and 2009 (Table 1). Seven analytical techniques, undertaken by Acme Analytical Laboratories (Vancouver) Ltd 
were used to provide a comprehensive suite of element analytes for the samples as summarised in (Table 2).  
 

Table 1: The number of samples analysed from Los Bronces regions 

 
 
 
Table 2: A summary of analytical techniques used to provide elemental analytes data discussed within this report 
(undertaken by Acme Analytical Laboratories (Vancouver) Ltd. www.acmelab.com) 

 
 
The QA/QC assessment of the rock data shows that the dataset is of high quality.   
 
Standards 
The accuracy of the data was assessed by analysing two standards; Altered Andesite Whole Rock and Alkali Olivine 
Basalt (OREAS 24P) secondary reference material (SRM). The accuracy for each analytical method was assessed. 
 
A pass-fail criterion was established whereby an element  �passed � if "d3 analysed standard samples for each element 
outside ±25% of the mean for that standard.   
 
Since the samples were analysed over three years, improvements in detection mean that detection limits vary 
between analytical batches for methods 4AWR, 4BR and 4ALO. Therefore, for QA/QC purposes, sample batches for 
these analytical methods have been grouped according to the detection limits achieved.  The QA/QC result was then 
calculated by averaging the individual results of each group for each analytical method (Table 3). 
 

Campaign Total Samples Samples Field Duplicates Standards
Los Bronces 1148 1038 51 (5%) 59 (6%)

Code Full Name of Analysis (Acme Laboratory) Technique Used

4AWR Group 4A Whole Rock by ICP
Sample analysed by ICP-emission spectrometry fol lowing a Lithium 
metaborate/tetraborate fusion and di lute nitric acid digestion

4BWR Group 4B Total Trace Elements by ICP - MS

Rare earth and refractory elements are determined by ICP mass 
spectrometry following a Lithium metaborate/tetraborate fusion and nitric 
acid digestion of sample.  In addition, a seperate split is digested in Aqua 
Regian and analysed by ICP mass spectrometry to report precious and base 
metals e.g. Au, Ag, Cd

7TDA Group 7 ICP & ICP-MS Percentage level  concentrations as determined by ICP emission 
spectrometry

1FMS Group 1F-MS Ultratrace by Mass Spec ICP Mass Spec analysis of a sample after Aqua Regia digestion for low to 
ultra low determination on soi ls, sediments and lean rocks

4ALO Group 4A Whole Rock by ICP (Loss of Ignition) Weight difference after ignition at 1000oc
4ALC Group 4A Whole Rock by ICP (LECO) Total  Carbon and Sulphur analysis by LECO

G3B-MS Group 3B & 3B-MS
A lead-col lection fire-assay fusion for total  sample decomposition, 
digestion of the Ag dore bead and ICP-MS analysis.
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Table 3: Summary of QA/QC accuracy results for two standards (Alkali Altered Andesite and Olivine Basalt), grouped 
according to analytical method 

 
 
The accuracy of 6 of the 7 analytical methods was evaluated using the Olivine Basalt and Alkali Altered Andesite 
standards (Table 3). The QA/QC for Olivine Basalt standards for elements analysed using G3B-MS (Au, Pt, Pd) was 
not performed for no certified values are available for this method.  Similarly, the Alkali Altered Andesite standards for 
carbon and sulphur analysed using 4ALC were not evaluated for QA/QC as there no certified values for them using 
the 4ALC method. 
 
Overall, the results of both standards suggest that all of the analytical methods used produce highly accurate data.  
However, care should be taken when using 4ALC results for Carbon and Sulphur as these were less satisfactory in 
the QA/QC analysis.  This is probably because the values are 10x detection limit.  
 
 !Although the 7TDA method appears not to satisfy the QC pass-fail criterion for the Alkali Altered Andesite standard, 
this was the result of the exceedance of two points and, in combination with the excellent results for the Olivine Basalt 
standard, the dataset is considered suitable for use. 
 
   
Field Duplicates 
Data were evaluated for precision by comparing duplicates against two pass-fail criteria: 
 
1) An element  �passed � if 90% of samples were within ±25 of the percentage relative difference  
2) The entire dataset  �passed � if the average percentage relative difference of all analytes was <±25% 
 
 
Table 4: Summary of QA/QC reproducibility results for duplicates, grouped according to analytical method 

 

Analytical Method

Olivine Basalt Alkali Altered Andesite
4AWR 96% 91%
4AWR (1) 100% 91%
4AWR (2) 92% 91%
4BWR 100% 98%
4BWR (1) 100% 95%
4BWR (2) 100% 100%
4BWR (3) 100% 100%
7TDA 100% 0% ‡

1FMS 50% 80%
4ALO 50% 100%
4ALO (1) 100% 100%
4ALO (2) 0% 100%
4ALC 0% N/A
G3B-MS N/A 100%

Percentage of elements meeting QC criterion

Analytical Method
Percentage of elements meeting first 

QC criterion
Percentage of elements 

meeting second QC criterion
(1) % duplicates with  ≥90% samples within 
±25% of percentage relative difference: 

(2) Average of average 
percentage relative difference:

4AWR 45% 10%
4BWR 17% 14%
4ALO 0% 15%
1FMS 0% 25%
7TDA N/A N/A
4ALC N/A N/A
G3B-MS N/A N/A
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For all of the analytical methods used to analyse Los Bronces rock samples, the percentage of duplicates with "e90% 
samples within ±25% of relative difference was low (Table 4).  However, this is thought to reflect the inherent 
heterogeneity of rock samples rather than poor reproducibility of the sampling procedure.   
 
All datasets for the 4AWR, 4BWR, 4ALO and 1FMS analytical methods met the second QC criterion as they all 
showed an average percentage relative difference less than ±25%.  
 
Overall, although the performance of the datasets under the first criterion was poor, the excellent performance against 
the second criterion indicates that this is the result of intrinsic heterogeneity of rock samples and overall the samples 
demonstrate a high level of reproducibility.  
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Summary of QA/QC Results 
 
Rock samples were collected from the Los Bronces region in several campaigns between 2007 and 2009 and a total 
of 1148 samples were collected.  
 
Table 2: A summary of analytical techniques used to provide elemental analytes data discussed within this report 
(undertaken by Acme Analytical Laboratories (Vancouver) Ltd. www.acmelab.com) 
 
 

 
 
The QA/QC assessment of the rock data shows that the dataset is of a high quality.   
 
Seven analytical techniques, undertaken by AcmeLabs (Acme Analytical Laboratories (Vancouver) Ltd) were used to 
provide a comprehensive suite of element analytes for the samples as summarised in (Table 2).  
 
Table 2: A summary of analytical techniques used to provide elemental analytes data discussed within this report 
(undertaken by Acme Analytical Laboratories (Vancouver) Ltd. www.acmelab.com) 
 

 
 
The analytes measured by each technique are summarised in Table 5. 
 
Table 5: Summary of analytical techniques and elements analysed 

 
 
Standards 
 

Campaign Total Samples Samples Field Duplicates Standards
Los Bronces 1148 1038 51 (5%) 59 (6%)

Code Full Name of Analysis (Acme Laboratory) Technique Used

4AWR Group 4A Whole Rock by ICP
Sample analysed by ICP-emission spectrometry fol lowing a Lithium 
metaborate/tetraborate fusion and di lute nitric acid digestion

4BWR Group 4B Total Trace Elements by ICP - MS

Rare earth and refractory elements are determined by ICP mass 
spectrometry following a Lithium metaborate/tetraborate fusion and nitric 
acid digestion of sample.  In addition, a seperate split is digested in Aqua 
Regian and analysed by ICP mass spectrometry to report precious and base 
metals e.g. Au, Ag, Cd

7TDA Group 7 ICP & ICP-MS Percentage level  concentrations as determined by ICP emission 
spectrometry

1FMS Group 1F-MS Ultratrace by Mass Spec ICP Mass Spec analysis of a sample after Aqua Regia digestion for low to 
ultra low determination on soi ls, sediments and lean rocks

4ALO Group 4A Whole Rock by ICP (Loss of Ignition) Weight difference after ignition at 1000oc
4ALC Group 4A Whole Rock by ICP (LECO) Total  Carbon and Sulphur analysis by LECO

G3B-MS Group 3B & 3B-MS
A lead-col lection fire-assay fusion for total  sample decomposition, 
digestion of the Ag dore bead and ICP-MS analysis.

Analytical Method Analytes

4AWR SiO2, Al2O3, MgO, Na2O, K2O, TiO2, P205, MnO, 
Cr203, Ba, Sc

4BWR Ce, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Lu, Nb,  Nd, Pr, 
Rb,  Sm, Sn, Sr, Ta, Tb, Th, Tm, U, V, W, Y, Yb, Zr     

4ALO Loss on Ignition 

1FMS
Ag, As, Au, B, Be, Bi, Cd,  Co, Cr, Cu, Ge, Hg, In, Li , 
Mo, Mn, Ni, Pb, Pd, Pt, Re, Sb, Se, Te, Tl , Zn     

7TDA Ni
4ALC C, S
G3B-MS Au, Pd, Pt
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In order to evaluate the accuracy of each of the analytical methods used, two types of standards (secondary reference 
material (SRM)), Altered Andesite Whole Rock and Alkali Olivine Basalt (OREAS 24P), were used.  These standards 
were inserted into each analytical run and the results compared against known performance gates using graphs. 
 
Performance gates for the analytical methods were referenced for 66 analytes.  Performance gates included:  
 
1) the mean of the SRM  3) ±2 standard deviation of the mean  
2) ±25% of the mean  4) ±3 standard deviation of the mean 
 
Ideally, 95% of all samples should fall between ±2 standard deviations (warning lines), with 99% between ±3 standard 
deviations (failure lines). The standard suggests that a batch of analyses has failed to reach the level of accuracy 
required if one or more samples lie outside the failure lines (red) or data for more than two standards fall outside any 
warning line (orange) (Figure 1).   
 
To allow for the intrinsic heterogeneity of rock samples (which have variability in their mineralogy and hence 
chemistry) an additional pass-fail criterion was established. An element  �passed � if "d3 analysed standard samples for 
each element were outside ±25% of the mean for that standard.  Elements below the detection limit were excluded 
from evaluation because the results were not reliable. 
 
Graphs for each standard show the analytical results for the secondary reference material (SRM) plotted against the 
order of analytes (Figure 1). 
 
The samples were analysed over three years and improvements in detection limits over that time mean that detection 
limits vary between analytical batches for methods 4AWR, 4BR and 4ALO. Therefore, for QA/QC purposes, sample 
batches for these analytical methods have been grouped according to the detection limits used.  The QA/QC results 
were then calculated by averaging the individual results of each group of analytical methods (Table 3).  
 
Table 3: Summary of QA/QC accuracy results for two standards (Alkali Altered Andesite and Olivine Basalt), grouped 
according to analytical method 
 

 
 
Olivine Basalt 
 
The accuracy of 6 of the 7 analytical methods was evaluated using the Olivine Basalt standard (Figure 1). The 
standards for elements analysed using G3B-MS (Au, Pt, Pd) were not evaluated since there are no certified values for 
the standard using this method. 
 

Analytical Method

Olivine Basalt Alkali Altered Andesite
4AWR 96% 91%
4AWR (1) 100% 91%
4AWR (2) 92% 91%
4BWR 100% 98%
4BWR (1) 100% 95%
4BWR (2) 100% 100%
4BWR (3) 100% 100%
7TDA 100% 0% ‡

1FMS 50% 80%
4ALO 50% 100%
4ALO (1) 100% 100%
4ALO (2) 0% 100%
4ALC 0% N/A
G3B-MS N/A 100%

Percentage of elements meeting QC criterion
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For the 4AWR, 4BWR and 7TDA analytical methods, an evaluation of accuracy using the Olivine Basalt standards 
showed that the majority of elements had <±10% bias between their mean and the certified mean, with 96% or higher 
of elements satisfying the QC pass-fail criterion.  The level of accuracy of these datasets is high (Table 3). 
 
The 1FMS, 4ALO and 4ALC methods however showed a large percentage bias between their mean and the certified 
mean.  For 1FMS and 4ALO 50% of elements satisfied the QC pass-fail criterion. Although this is lower than the 
4AWR, 4BWR and 7TDA methods, it accurate enough for the data to be acceptable for use. 
   
The QA/QC results for 4ALC were poor hence data determined by 4ALC does not mean the QC pass-fail criteria, 
because one sample exceeds the limits.  On closer inspection, the majority of samples for this analytical method are 
below 10x the detection limit (the mean is 0.1 which is 10x the detection limit).  Therefore, the failure reflects the 
number of results that are close to the detection limit. 10x the detection limit is a value, beneath which variability may 
be greater for certain analytical methods.  Overall the data are very consistent and the dataset is considered 
acceptable for use.  This was also the case in approximately half of the samples analysed by 4ALO.  To improve the 
performance of these elements in future, a greater number of samples should be collected for analysis. 
   
The Olivine Basalt standards suggested that the data shows high levels of accuracy.  
 
Alkali Altered Andesite  
 
The accuracy of 6 of the 7 analytical methods was evaluated using the Alkaline Altered Andesite standard (Figure 1). 
The standards for carbon and sulphur analysed using 4ALC were not evaluated because there are no certified values 
for Alkali Altered Andesite using this method. 
 
The majority of the analytical methods (4AWR, 4BWR, 1FMS, G3B, 7TDA) evaluated using the Alkali Altered Andesite 
standard had <±10% bias between their mean and the certified mean.  Except for 7TDA, data for 80% or higher of 
elements satisfied the QC pass-fail criterion for all analytical methods (Table 3).   
 
 !The 7TDA method does not appear to satisfy the QC pass-fail criterion because 4 samples fall outside of ±25% of the 
mean.  However, two of these samples exceed the limits by only 1ppm and there is <±10% bias between the mean 
and the certified mean for the element analysed using this method. 
 
Therefore data for the Alkaline Altered Andesite standards suggested that the data is highly accurate.   
 
Overall, both standards suggest that all of the methods used produce highly accurate data.  However, care should be 
taken when using 4ALC results for Carbon and Sulphur because results were poor, probably as a result of the values 
being close to 10x detection limit.  
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Figure 1: Los Bronces rocks, Standards Graphs.  

LH = Olivine Basalt SRM, As, Cu, Fe, Ni. RH = Alkali Altered Andesite SRM, Al, Pb, U, Zn.  

Green line represents the reference mean of the SRM of the indicated element, dashed orange lines = ±2std dev., dashed 
red lines = ±3std dev., dashed blue lines = ±25% of mean. 
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(Los Bronces Rocks) Summary of accuracy assessments for the Olivine Basalt SRM  

Table 6: Olivine Basalt – AWR 

4AWR (1) 

 
 
4AWR (2) 

 
 

  
 
 
 

Element Si_% Al_% Fe_% Mg_% Ca_% Na_% K_% Ti_% P_% Mn_% Cr_% Ba_ppm

Within 2 SD x x x x x
Within 3 SD x

Within ±25% x x x x x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4AWR data 51.1 14.29 11.27 7.17 8.52 3.08 0.81 1.90 0.30 0.14 0.036 271

mean (olivine basaslt) certfied 51.7 14.46 11.40 6.84 8.49 3.11 0.84 1.83 0.31 0.14 0.037 285

Bias¹ -0.013 -0.012 -0.011 0.048 0.004 -0.008 -0.033 0.036 -0.024 0.013 -0.019 -0.050

% Bias² -1 -1.2 -1.1 4.83 0.4 -0.83 -3.29 3.6 -2.4 1.3 -1.9 -5.0

mean of data 62.99 15.82 5.75 1.99 3.49 3.25 2.21 0.88 0.21 0.11 0.006 479

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.04 0.01 0.01 0.01 0.001 5

10x detection limit 100 100 100 50 60 50 50 100 50 50 100 50000

Element Si_% Al_% Fe_% Mg_% Ca_% Na_% K_% Ti_% P_% Mn_% Cr_% Ba_ppm

Within 2 SD x
Within 3 SD x

Within ±25% x x x

≤3 outside ±25% x x x x x x
Outside Limits x

Evaluation 1 outside 
> ±25%†

mean 4AWR data 52.2 14.53 10.81 6.76 8.04 3.21 1.03 1.85 0.29 0.14 0.037 304

mean (olivine basaslt) certfied 51.7 14.46 11.40 6.84 8.49 3.11 0.84 1.83 0.31 0.14 0.037 285

Bias¹ 0.008 0.005 -0.052 -0.011 -0.053 0.032 0.230 0.008 -0.078 -0.018 -0.005 0.066

% Bias² 1 0.5 -5.2 -1.13 -5.3 3.24 23.02 0.8 -7.8 -1.8 -0.5 6.6

mean of data 62.99 15.82 5.75 1.99 3.49 3.25 2.21 0.88 0.21 0.11 0.006 479

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.04 0.01 0.01 0.01 0.002 5

10x detection limit 100 100 100 50 60 50 50 100 50 50 100 50000

13

12
5
6

12
12 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0

0
0
1

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Los Bronces Olivine Basalt 4AWR (1) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection limit
Elements too close to detection limit
Elements with no certified values for S43

3 Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 

13

12
1
2
5

11 Elements with ≤3 points outside ±25% of mean

1
1 Elements with ≥4 points outside ±25% of mean

0
0
0
1

92%

% Elements within  ±3 std dev and/or ±25 of mean: 38%

Elements below detection limit
Elements too close to detection limit
Elements with no certified values for S43

3 Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Los Bronces Olivine Basalt 4AWR (2) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion
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Table 7: Olivine Basalt – 1FMS 

 
 

 
 
 
 
  

Element As_ppm Co_ppm Cr_ppm Cu_ppm Ni_ppm Pb_ppm Sb_ppm Zn_ppm

Within 2 SD x x
Within 3 SD x

Within ±25%

≤3 outside ±25% x

Outside Limits x x x x

Evaluation
28 points 

outside 
±25% 

all points 
outside 

±25%

al l points 
outs ide 

±25% 

all points 
outside 

±25% 

mean 1FMS data 0.3 29.2 26.3 39.08 111.6 0.84 0.04 67.5

mean (olivine basaslt) certfied 2.0 44 221 52 141 2.9 0.14 114

Bias¹ -0.86 -0.34 -0.88 -0.25 -0.21 -0.71 -0.68 -0.41

% Bias² -86 -33.5 -88.1 -24.84 -20.8 -71.11 -68.23 -40.8

mean of data 16.6 11.9 23.7 176.12 14.6 34.16 4.34 90.5

detection limit 0.1 0.1 0.5 0.01 0.1 0.01 0.02 0.1

10x detection limit 1.0 1.0 5.00 0.10 1.0 0.10 0.20 1.0

26 Total no. of elements evaluated

4 Total no. of elements meeting QC criterionA

2
3
3
4 Elements with ≤3 points outside ±25% of mean

4 Total no. of elements not meeting QC criterionB

4 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0

18 Elements with no certified values for S43

50%

% Elements within  ±3 std dev and/or ±25 of mean: 38%
3 Mo, Ag, Mn, Au, Cd, Bi, B, Tl , Hg, Se, Te, Ge, In, Re, Be, Li, Pd, Pt

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Los Bronces Olivine Basalt 1FMS Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection limit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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Table 8: Olivine Basalt – 4BWR 

4BWR (1) 

 
 

4BWR (2) 

 
 

4BWR (3) 

 

Element Nb_ppm Rb_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm

Within 2 SD x x x
Within 3 SD x x

Within ±25% x x x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 21.1 21.12 421.77 2.98 0.78 139.43 24.40 18.10 37.25

mean (olivine basaslt) certfied 21.0 22.40 403.00 2.85 0.75 141 22.90 17.40 37.60

Bias¹ 0.005 -0.057 0.047 0.047 0.036 -0.011 0.066 0.040 -0.009

% Bias² 1 -5.7 4.7 4.72 3.6 -1.11 6.55 4.0 -0.9

mean of data 6.76 66.03 503.57 10.99 3.05 197.26 18.59 17.40 39.55

detection limit 0.1 0.5 0.5 0.1 0.1 0.5 0.1 0.5 0.1

10x detection limit 1 5 5 1 1 5 1 5 1

Element Nb_ppm Rb_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm

Within 2 SD x x x x x
Within 3 SD

Within ±25% x x x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 20.3 20.44 422.59 2.79 0.68 136.07 24.56 16.94 37.46

mean (olivine basaslt) certfied 21.0 22.40 403.00 2.85 0.75 141 22.90 17.40 37.60

Bias¹ -0.033 -0.087 0.049 -0.021 -0.096 -0.035 0.072 -0.026 -0.004

% Bias² -3 -8.7 4.9 -2.14 -9.6 -3.50 7.23 -2.6 -0.4

mean of data 6.76 66.03 503.57 10.99 3.05 197.26 18.59 17.40 39.55

detection limit 0.5 0.5 0.5 0.1 0.1 0.5 0.1 0.5 0.5

10x detection limit 5 5 5 1 1 5 1 5 5

Element Nb_ppm Rb_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm

Within 2 SD x x x x x x x x x
Within 3 SD

Within ±25%

≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 19.6 21.54 402.69 2.77 0.70 131.83 22.31 17.41 37.11

mean (olivine basaslt) certfied 21.0 22.40 403.00 2.85 0.75 141 22.90 17.40 37.60

Bias¹ -0.067 -0.038 -0.001 -0.028 -0.067 -0.065 -0.026 0.001 -0.013

% Bias² -7 -3.8 -0.1 -2.76 -6.7 -6.50 -2.56 0.1 -1.3

mean of data 6.76 66.03 503.57 10.99 3.05 197.26 18.59 17.40 39.55

detection limit 0.1 0.1 0.5 0.2 0.1 0.1 0.1 0.1 0.1

10x detection limit 1 1 5 2 1 1 1 1 1
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Table 9: Olivine Basalt – 4ALC 

 

9

9
3
5
9
9 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0
0
0

19

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements below detection limit
Elements too close to detection l imit
Elements with no certified values for S43

3 Cs, Ga, Hf, Sn, Ta, V, W, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,  Tm, Yb, Lu

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Los Bronces Olivine Basalt 4BWR (1) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

9

9
9
9
9
9 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0

0
0

19

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements within 2 sd of mean
Elements within 3 sd of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Los Bronces Olivine Basalt 4BWR (3) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection l imit
Elements too close to detection limit
Elements with no certified values for S43

3 Cs, Ga, Hf, Sn, Ta, V, W, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,  Tm, Yb, Lu

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = ((x�� data - x�� standard)/x�� standard) 
² % bias = bias *100 

Element TOT/C_% TOT/S_%

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25%

Outside Limits x

Evaluation 1 outside 
> ±25%†

too close to 
detection 

l imit

mean 4ALC data 0.10
mean (olivine basalt) certfied 0.08

Bias¹ 0.20

% Bias² 20

mean of data 0.1 0.2

detection limit 0.1 0.1

10x detection limit 1.0 1.0

9

9
5
5
9
9 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0

0
0

19

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements below detection l imit
Elements too close to detection limit
Elements with no certified values for S43

3 Cs, Ga, Hf, Sn, Ta, V, W, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,  Tm, Yb, Lu

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Los Bronces Olivine Basalt 4BWR (2) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements within 2 sd of mean
Elements within 3 sd of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

2 Total no. of elements evaluated

0 Total no. of elements meeting QC criterionA

0
0
0
0 Elements with ≤3 points outside ±25% of mean

1 Total no. of elements not meeting QC criterionB

1 Elements with ≥4 points outside ±25% of mean

1 Total no. of elements excluded from QC criterion

0
1
0 Elements with no certified values for S4

0%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% elements meeting QC criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Los Bronces Olivine Basalt 4ALC Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection limit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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Table 10: Olivine Basalt – 7TDA 

  
 
Table 11: Olivine Basalt – 4ALO 

4ALO (1)      
 
  
 
 
 
 
 
 
 
 
 
  
 
 

 
 

 

4ALO (2) 
 

 

 

 

 
 
 
 
 
 
 

Element Ni_ppm
Within 2 SD
Within 3 SD

Within ±25% x

≤3 outside ±25%

Outside Limits

Evaluation

mean 7TDA data 143.2

mean (olivine basaslt) certfied 141.0

Bias¹ 0.02

% Bias² 2

mean of data 18.3

detection limit 10.0

10x detection limit 100.0

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

Element LOI_%

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25%

Outside Limits x

Evaluation 6 outside 
>±25%†

mean 4ALO data 1.4

mean (olivine basalt) certfied 0.6

Bias¹ 1.36

% Bias² 136

mean of data 2.7

detection limit 0.1

10x detection limit 1.0

Element LOI_%

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25% x

Outside Limits

Evaluation

mean 4ALO data 1.2

mean (olivine basalt) certfied 0.6

Bias¹ 0.94

% Bias² 94

mean of data 2.7

detection limit unknown

10x detection limit N/A

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
1
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Los Bronces Olivine Basalt 7TDA Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection limit

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
0
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

100%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% elements meeting QC criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Los Bronces Olivine Basalt 4ALO (1) Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit

1 Total no. of elements evaluated

0 Total no. of elements meeting QC criterionA

0
0
0
0 Elements with ≤3 points outs ide ±25% of mean

1 Total no. of elements not meeting QC criterionB

1 Elements with ≥4 points outs ide ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

0%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Los Bronces Olivine Basalt 4ALO (2) Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit
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(Los Bronces Rocks) Summary of accuracy assessments for the Alkali Altered Andesite SRM  

Table 12: Alkali Altered Andesite – AWR 

4AWR (1) 

 
 
4AWR (2) 

 
 

  

Element Si_% Al_% Fe_% Mg_% Ca_% Na_% K_% Ti_% P_% Mn_% Ba_ppm

Within 2 SD x x x x x x x
Within 3 SD x

Within ±25% x x

≤3 outside ±25%

Outside Limits x

Evaluation
2 outside 
> ±25%†

mean 4AWR data 57.0 16.20 10.83 2.98 0.09 0.27 8.20 0.67 0.04 0.05 1074

mean (altered andesite) certfied 57.5 16.18 10.73 2.95 0.10 0.27 8.25 0.68 0.03 0.05 1094

Bias¹ -0.009 0.001 0.009 0.010 -0.112 -0.015 -0.006 -0.018 0.176 0.000 -0.019

% Bias² -1 0.1 0.9 1.00 -11.2 -1.53 -0.61 -1.8 17.6 0.0 -1.9

mean of data 62.99 15.82 5.75 1.99 3.49 3.25 2.21 0.88 0.21 0.11 479

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.04 0.01 0.01 0.01 5
10x detection limit 0.2 0.3 0.4 0.1 0.1 0.1 0.4 0.1 0.1 0.1 50

Element Si_% Al_% Fe_% Mg_% Ca_% Na_% K_% Ti_% P_% Mn_% Ba_ppm

Within 2 SD x x x x x x
Within 3 SD x

Within ±25% x x x

≤3 outside ±25%

Outside Limits x

Evaluation
2 outside 
> ±25%†

mean 4AWR data 56.9 16.41 10.95 2.99 0.08 0.27 8.07 0.67 0.03 0.05 1054

mean (altered andesite) certfied 57.5 16.18 10.73 2.95 0.10 0.27 8.25 0.68 0.03 0.05 1094

Bias¹ -0.011 0.014 0.021 0.013 -0.182 -0.010 -0.022 -0.016 -0.076 0.000 -0.037

% Bias² -1 1.4 2.1 1.26 -18.2 -1.01 -2.21 -1.6 -7.6 0.0 -3.7

mean of data 60.93 16.41 6.10 2.34 4.14 4.14 2.69 0.78 0.20 0.12 565

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.04 0.01 0.01 0.01 5
10x detection limit 0.2 0.3 0.4 0.1 0.1 0.1 0.4 0.1 0.1 0.1 50

13

10
7
8

10
10 Elements with ≤3 points outside ±25% of mean

1
1 Elements with ≥4 points outside ±25% of mean

0

0
0
2

91%

% Elements within  ±3 std dev and/or ±25 of mean: 91%

Elements below detection limit
Elements too close to detection l imit
Elements with no certified values for S43

3 Cr, Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Los Bronces Altered Andesite 4AWR (1) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

13

10
6
7

10
10 Elements with ≤3 points outside ±25% of mean

1
1 Elements with ≥4 points outside ±25% of mean

0

0
0
2

91%

% Elements within  ±3 std dev and/or ±25 of mean: 91%

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Los Bronces Altered Andesite 4AWR (2) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection limit
Elements too close to detection limit
Elements with no certified values for S43

3 Cr, Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 



    
  

15 
 

Table 13: Alkali Altered Andesite – 1FMS

 

 

 
 
 
 

 

 

 

 

 

 

 

  

Element As_ppm Au_ppb Bi_ppm Co_ppm Cr_ppm Cu_ppm Ni_ppm Pb_ppm Sb_ppm Zn_ppm

Within 2 SD x x x x x x
Within 3 SD

Within ±25% x

≤3 outside ±25% x
Outside Limits x x

Evaluation 8 outside 
> ±25%†

al l outside 
> ±25%†

mean 1FMS data 3.2 20.2 0.10 48.1 29.0 422.48 19.0 1.96 0.66 17.3

mean (altered andesite) certfied 6.0 20.0 0.09 44 30 430 19 2.3 1.4 18

Bias¹ -0.47 0.01 0.08 0.09 -0.03 -0.02 0.00 -0.15 -0.53 -0.04

% Bias² -47 0.9 8.15 9.3 -3.4 -1.75 -0.2 -14.87 -52.74 -3.9

mean of data 16.6 2.2 0.40 11.9 23.7 176.12 14.6 34.16 4.34 90.5

detection limit 0.1 0.2 0.02 0.1 0.5 0.01 0.1 0.01 0.02 0.1

10x detection limit 1.0 2.0 0.20 1.0 5.00 0.10 1.0 0.10 0.20 1.0

26 Total no. of elements evaluated

8 Total no. of elements meeting QC criterionA

6
6

7
8 Elements with ≤3 points outside ±25% of mean

2 Total no. of elements not meeting QC criterionB

2 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion
0
0

16 Elements with no certified values for S43

80%

% Elements within  ±3 std dev and/or ±25 of mean: 70%
3 Mo, Ag, Mn, Cd, Ti , Tl , Hg, Se, Te, Ge, In, Re, Be, l i , Pd, Pt

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Los Bronces Altered Andesite 1FMS Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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Table 14: Alkali Altered Andesite – 4BWR 

4BWR (1) 

 
 

 
 
 
 

Element Nb_ppm Rb_ppm Sn_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm Pr_ppm

Within 2 SD x x x x x x
Within 3 SD x
Within ±25% x x x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.8 193.07 4.73 48.58 4.63 1.21 124.40 9.79 4.11 7.43 0.93
mean (altered andesite) certfied 4.0 202.00 5.00 46.00 4.5 1.20 129 9.20 4.00 7.40 0.90
Bias¹ -0.050 -0.044 -0.055 0.056 0.028 0.008 -0.036 0.064 0.027 0.004 0.034

% Bias² -5 -4.4 -5.5 5.6 2.83 0.8 -3.57 6.42 2.7 0.4 3.4

mean of data 6.76 66.03 1.99 503.57 10.99 3.05 197.26 18.59 17.40 39.55 5.13895
detection limit 0.1 0.5 1 0.5 0.1 0.1 0.5 0.1 0.1 0.1 0.02
10x detection limit 1 5 10 5 1 1 5 1 1 1 0.2

Element Nd_ppm Sm_ppm Eu_ppm Gd_ppm Tb_ppm Dy_ppm Ho_ppm Er_ppm Tm_ppm Yb_ppm Lu_ppm

Within 2 SD x x x x x
Within 3 SD x x

Within ±25% x x
≤3 outside ±25% x

Outside Limits x

Evaluation 1 outside 
> ±25%†

mean 4BWR data 3.89 1.0 0.26 1.23 0.26 1.40 0.31 0.91 0.16 1.04 0.18

mean (altered andesite) certfied 3.7 1.0 0.20 1.20 0.22 1.5 0.30 1 0.16 1.10 0.19

Bias¹ 0.052 -0.046 0.286 0.027 0.198 -0.065 0.030 -0.085 -0.011 -0.052 -0.077

% Bias² 5 -5 28.6 2.7 19.8 -6.55 3.0 -8.55 -1.14 -5.2 -7.7

mean of data 20.71 3.92 0.96 3.31 0.61 2.86 0.58 1.64 0.27 1.73 0.27

detection limit 0.3 0.05 0.02 0.05 0.01 0.05 0.02 0.03 0.01 0.05 0.01

10x detection limit 3 0.5 0.2 0.5 0.1 0.5 0.2 0.3 0.1 0.5 0.1

22

21
11
14
20
21 Elements with ≤3 points outside ±25% of mean

1
1 Elements with ≥4 points outside ±25% of mean

0

0
0
6

95%

% Elements within  ±3 std dev and/or ±25 of mean: 91%

Elements below detection l imit
Elements too close to detection limit
Elements with no certified values for S43

3 Cs, Ga, Hf, Ta, V, W

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Los Bronces Altered Andesite 4BWR (1) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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4BWR (2)

 
 

 

Element Nb_ppm Rb_ppm Sn_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm Pr_ppm

Within 2 SD x x x x x x x x x
Within 3 SD x
Within ±25% x

≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.57 189.92 4.44 47.01 4.36 1.08 120.93 9.96 3.80 7.49 0.89
mean (altered andesite) certfied 4.00 202.00 5.00 46.00 4.50 1.20 129.00 9.20 4.00 7.40 0.90
Bias¹ -0.108 -0.060 -0.111 0.022 -0.032 -0.102 -0.063 0.082 -0.050 0.012 -0.014

% Bias² -11 -6.0 -11.1 2.2 -3.21 -10.2 -6.25 8.21 -5.0 1.2 -1.4

mean of data 5.81 85.46 1.57 512.59 10.58 3.04 170.22 13.62 17.14 39.57 4.806987
detection limit 0.1 0.5 1 0.5 0.1 0.1 0.5 0.1 0.1 0.1 0.02
10x detection limit 1 5 10 5 1 1 5 1 1 1 0.2

Element Nd_ppm Sm_ppm Eu_ppm Gd_ppm Tb_ppm Dy_ppm Ho_ppm Er_ppm Tm_ppm Yb_ppm Lu_ppm

Within 2 SD x x x x x x x x
Within 3 SD x x

Within ±25% x

≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.68 1.0 0.24 1.21 0.25 1.42 0.29 0.92 0.15 1.02 0.17

mean (altered andesite) certfied 3.7 1.0 0.20 1.20 0.22 1.5 0.30 1 0.16 1.10 0.19

Bias¹ -0.006 -0.047 0.206 0.005 0.157 -0.055 -0.019 -0.077 -0.049 -0.074 -0.117

% Bias² -1 -5 20.6 0.5 15.7 -5.48 -1.9 -7.67 -4.86 -7.4 -11.7

mean of data 19.05 3.48 0.79 2.66 0.45 2.19 0.40 1.18 0.18 1.18 0.18

detection limit 0.3 0.05 0.02 0.05 0.01 0.05 0.02 0.03 0.01 0.05 0.01

10x detection limit 3 0.5 0.2 0.5 0.1 0.5 0.2 0.3 0.1 0.5 0.1

22

22
17
20
22
22 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0

0
0
6

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Los Bronces Altered Andesite 4BWR (2) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection l imit
Elements too close to detection l imit
Elements with no certified values for S43

3 Cs, Ga, Hf, Ta, V, W

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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4BWR (3)

 
 

 
 
 

Element Nb_ppm Rb_ppm Sn_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm Pr_ppm

Within 2 SD x x x x x x x x x
Within 3 SD

Within ±25% x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.46 192.42 4.56 45.29 4.23 1.12 116.36 8.80 3.73 7.27 0.88
mean (altered andesite) certfied 4.00 202.00 5.00 46.00 4.50 1.20 129.00 9.20 4.00 7.40 0.90
Bias¹ -0.136 -0.047 -0.089 -0.015 -0.059 -0.065 -0.098 -0.043 -0.067 -0.018 -0.027

% Bias² -14 -4.7 -8.9 -1.5 -5.93 -6.5 -9.80 -4.35 -6.7 -1.8 -2.7

mean of data 6.44 63.33 1.49 430.61 7.64 2.26 171.34 23.51 19.01 44.23 5.595833
detection limit 0.1 0.1 1 0.5 0.2 0.1 0.1 0.1 0.1 0.1 0.02
10x detection limit 1 1 10 5 2 1 1 1 1 1 0.2

Element Nd_ppm Sm_ppm Eu_ppm Gd_ppm Tb_ppm Dy_ppm Ho_ppm Er_ppm Tm_ppm Yb_ppm Lu_ppm

Within 2 SD x x x x x x x x x x
Within 3 SD

Within ±25% x

≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.59 1.0 0.26 1.20 0.23 1.41 0.31 0.95 0.15 1.02 0.17

mean (altered andesite) certfied 3.7 1.0 0.20 1.20 0.22 1.5 0.30 1 0.16 1.10 0.19

Bias¹ -0.030 -0.029 0.322 -0.004 0.056 -0.060 0.022 -0.048 -0.049 -0.072 -0.117

% Bias² -3 -3 32.2 -0.4 5.6 -6.00 2.2 -4.78 -4.86 -7.2 -11.7

mean of data 23.76 4.97 1.26 4.51 0.74 4.10 0.82 2.41 0.36 2.32 0.35

detection limit 0.3 0.05 0.02 0.05 0.01 0.05 0.02 0.03 0.01 0.05 0.01

10x detection limit 3 0.5 0.2 0.5 0.1 0.5 0.2 0.3 0.1 0.5 0.1

22

22
19
19
22
22 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0

0
0
6

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements within 2 std dev of mean
Elements within 3 std dev of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Los Bronces Altered Andesite 4BWR (3) Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection l imit
Elements too close to detection l imit
Elements with no certified values for S43

3 Cs, Ga, Hf, Ta, V, W

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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Table 15: Alkali Altered Andesite – 7TDA 

  
 
Table 16: Alkali Altered Andesite – 4ALO 

4ALO (1)      

 
 
4ALO (2) 
 
 
 

Element Ni_ppm
Within 2 SD
Within 3 SD

Within ±25%
≤3 outside ±25%
Outside Limits x

Evaluation 4 points >±25%† 

mean 7TDA data 18.5

mean (altered andesite) certfied 19

Bias¹ -0.02
% Bias² -2.46
mean of data 18.3
detection limit 10.0
10x detection limit 100.0

1 Total no. of elements evaluated

0 Total no. of elements meeting QC criterionA

0
0
0
0 Elements with ≤3 points outside ±25% of mean

1 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

0%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Los Bronces Altered Andesite 7TDA Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit

Element LOI_%

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25% x

Outside Limits

Evaluation

mean 4ALO data 3.4
mean (altered andesite) certfied 2.9

Bias¹ 0.19

% Bias² 19

mean of data 2.7

detection limit unknown

10x detection limit N/A

Element LOI_%

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25% x

Outside Limits

Evaluation

mean 4ALO data 3.3
mean (altered andesite) certfied 2.9

Bias¹ 0.15

% Bias² 15

mean of data 2.6

detection limit 0.1

10x detection limit 1.0

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
0
1 Elements with ≤3 points  outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

100%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Los Bronces Altered Andesite 4ALO (1) Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
0
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion
0
0
0 Elements with no certified values for S4

100%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Los Bronces Altered Andesite 4ALO (2) Standard

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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Table 17: Alkali Altered Andesite – G3B-MS 

 
 
 
 
Field Duplicates 
 
During the sampling campaigns, field duplicates were collected to determine the sampling variation (Table 1).    
 
In order to evaluate the precision of the data collected, the percentage relative difference between duplicates was 
calculated for each analytical method.  
 
The duplicate results are presented as graphs for each chemical element, comparing the percentage relative 
difference plotted against the original-duplicate mean (1).  
 

y	axis:											100 ∗
Original − Duplicate

1
2 (Original + Duplicate)

																																																												(1) 

 

x	axis:																						
1
2 (Original + Duplicate)																																																																			 

 
Two pass-fail criteria were applied to each element; 
 
1) An element  �passed � where 90% of values fell within ±25% of the percentage relative difference  
2) The entire dataset  �passed � if the average percentage relative difference of all analytes was <±25%* 

 
A black solid line which represents ten times the detection limit is plotted parallel to Y axis (Figure 2) or otherwise 
indicated. Samples less than 10 times the detection limit and elements where more than 50% of samples were less 
than 10 times the detection limit were excluded from the evaluation. 
 
*Elements with sample concentrations close to detection limits show increased variability resulting from difficulties 
maintaining accuracy of measurements at low concentrations. The second pass-fail criterion accounts for this by 
considering the overall average percentage relative difference per element; this reflects the overall behaviour of the 
dataset and so minimises the variability caused by samples close to the detection limits. 
   
 
 
 
 
 
 
 

Element Au_ppb

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25% x

Outside Limits

Evaluation

mean G3B-MS data 18.4

mean (altered andesite) certfied 20

Bias¹ -0.08

% Bias² -7.92

mean of data 3.2

detection limit 1.0

10x detection limit 10.0

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

3 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
0
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
2 Elements with no certified values for S43

100%

% Elements within  ±3 std dev and/or ±25 of mean: 0%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Los Bronces Altered Andesite G3B-MS Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection limit

¹ bias = 
 
(x�� data - x��standard)                  

x�� standard 
 

² % bias =  
 

bias *100 
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Table 4: Summary of QA/QC reproducibility results for duplicates, grouped according to analytical method 
 

 
 
(1) Percentage of duplicates with ≥90% of samples within ±25% of percentage relative difference (meeting 

first QC criterion) 
  
For all analytical methods used to analyse the Los Bronces rock samples, the percentage of duplicates with "e90% 
samples falling within ±25% of relative difference was low (Figure 2).  4AWR had 45% of duplicates with "e90% 
samples within ±25% of the percentage relative difference whilst 4BWR had 17% (Table 4). The remaining analytical 
methods either had less than 90% of duplicates which lay within these parameters, or had samples for which results 
were <10x the detection limit and therefore excluded from analysis.   
 
This poor performance is thought to reflect the inherent heterogeneity of rock samples and the high variability of the 
sample media. The chemistry of rocks may vary significantly over mm distance as a result of the changing mineralogy 
and varied states (e.g. oxidised, reduced) in which elements may be present.  However, the average percentage of 
duplicates within ±25% of percentage relative difference across all datasets was 78%.  Although this is lower than the 
90% criteria, it demonstrates consistency across the dataset and reflects a level of reproducibility acceptable for use.    
 
To allow for the intrinsic heterogeneity of rock samples an additional pass-fail criterion was established. An element 
 �passed � if "d3 analysed standard samples for each element were outside ±25% of the mean for that standard.   
 
(2) Average of average percentage relative difference (meeting second QC criterion) 

All applicable datasets (4AWR, 4BWR, 4ALO and 1FMS analytical methods) met the second QC criterion as they all 
showed an average percentage relative difference less than ±25% (Table 4). The datasets for 7TDA, 4ALC and G3B-
MS methods contained elements which were below 10x detection limit and therefore were excluded from QA/QC 
evaluation.   
 
Overall, although the performance of the datasets under the first criterion was low, the performance against the 
second criterion suggests that this reflects the intrinsic heterogeneity of the rock samples. 
 
Overall, the data is acceptable for use.  
 
  

Analytical Method
Percentage of elements meeting first 

QC criterion
Percentage of elements 

meeting second QC criterion
(1) % duplicates with  ≥90% samples within 
±25% of percentage relative difference: 

(2) Average of average 
percentage relative difference:

4AWR 45% 10%
4BWR 17% 14%
4ALO 0% 15%
1FMS 0% 25%
7TDA N/A N/A
4ALC N/A N/A
G3B-MS N/A N/A
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Figure 2: Los Bronces Rocks – Duplicates Graphs.  As, Cu, Fe, K, Mo, Ni, Pb, Zn. Horizontal red lines represent ±25 % 
error margins. Vertical black lines represent ten times the detection limit for each element. 
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(Los Bronces Rocks) Reproducibility assessment for field duplicates 

Table 18: 4AWR 

 
 

 
 
Table 19: 4BWR 

 
 
 

Element SiO2 (%) Al2O3 (%) Fe2O3 (%) MgO (%) CaO (%) Na2O (%) K2O (%) TiO2 (%) P2O5 (%) MnO (%) Cr2O3 (%) Ba (ppm) Sc (ppm)

10x det. limit 0.2 0.3 0.4 0.1 0.1 0.1 0.4 0.1 0.1 0.1 0.02 50 10
no samples outside ±25% 0 1 7 6 8 5 9 3 6 10 2
% within error 100 98 84 87 83 90 80 94 87 80 94
≥90% data within ±25% x x x x x

samples <10x det. limit x x
<90% within ±25% x x x x x x
Average % relative 
difference 3 4 12 12 15 12 18 8 12 N/A N/A 17 7

13
5
5

6
6
2
2

45%

11%(2) Average of average % relative difference:

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Los Bronces 4AWR Duplicates - Summary

Total no. of elements excluded from first QC criterion
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting first QC criterionB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA

Element Cs (ppm) Ga (ppm) Hf (ppm) Nb (ppm) Rb (ppm) Sn (ppm) Sr (ppm) Ta (ppm) Th (ppm) U (ppm) V (ppm) W (ppm) Zr (ppm)

10x det. limit 1 5 5 5 5 10 5 1 2 1 80 5 5
no samples outside ±25% 6 2 1 6 9 7 10 10 9 4
% within error 83 96 96 83 80 86 80 77 80 92
≥90% data within ±25% x x x

samples <10x det. limit x x x
<90% within ±25% x x x x x x x
Average % relative 
difference 23 8 10 18 17 N/A 13 N/A 19 19 12 N/A 11

Element Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm)
10x det. limit 1 5 5 0.2 4 1 0.5 0.5 0.1 0.5 0.5 0.5 0.5
no samples outside ±25% 9 5 7 7 7 9 6 9 10 9 9
% within error 82 90 86 86 86 82 87 82 80 82 82
≥90% data within ±25% x
samples <10x det. limit x x
<90% within ±25% x x x x x x x x x x
Average % relative 
difference 15 10 11 12 12 13 11 13 14 14 9 15 N/A

Element Yb (ppm) Lu (ppm)
10x det. limit 0.5 0.1
no samples outside ±25% 11 4
% within error 78 89
≥90% data within ±25%
samples <10x det. limit

<90% within ±25% x x
Average % relative 
difference 15 14

28
4
4

19

19

5
5

17%

14%

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

Los Bronces 4BWR Duplicates - Summary

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from first QC criterion

<90% duplicates within ±25% of %relative difference

Total no. of elements not meeting first QC criterionB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA
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Table 20: 1FMS 

 
 

 
 

 
    

 
 

 
 
 

 
 
 
 
 
 
 
 
 

Element Mo (ppm) Cu (ppm) Pb (ppm) Zn (ppm) Ag (ppb) Ni (ppm) Co (ppm) Mn (ppm) As (ppm) Au (ppb) Cd (ppm) Sb (ppm) Bi (ppm)

10x det. limit 0.1 0.1 0.1 1 20 1 1 10 1 2 0.1 0.2 0.2
no samples outside ±25% 15 22 17 17 24 5 14 15 18 10
% within error 70 57 67 67 47 88 69 70 65 70
≥90% data within ±25%

samples <10x det. limit x x x
<90% within ±25% x x x x x x x x x x
Average % relative 
difference 27 38 25 23 38 19 20 20 29 N/A N/A 23 N/A

Element Cr (ppm) B (ppm) Tl (ppm) Hg (ppb) Se (ppm) Te (ppm) Ge (ppm) In (ppm) Re (ppb) Be (ppm) Li (ppm) Pd (ppb) Pt (ppb)

10x det. limit 5 10 0.2 50 1 0.2 1 0.2 10 1 1 100 20
no samples outside ±25% 8 7
% within error 79 84
≥90% data within ±25%
samples <10x det. limit x x x x x x x x x x x
<90% within ±25% x x
Average % relative 
difference

20 N/A N/A N/A N/A N/A N/A N/A N/A N/A 19 N/A N/A

26

0
0

12
12
14
14

0%

25%

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

Los Bronces 1FMS Duplicates - Summary

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from QC criterion
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting first QC criterionB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA

Element LOI (%)

10x det. limit 1
no samples outside ±25% 7
% within error 79
≥90% data within ±25%

samples <10x det. limit
<90% within ±25% x
Average % relative 
difference

15

Table 21: 4ALO 

Table 22: 7TDA 

1

0
0

1
1
0
0

0%

15%

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

Los Bronces LOI Duplicates - Summary

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from first QC criterion
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting first QC criterionB

≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA

Element Ni (ppm)

10x detection limit 100
no samples outside ±25% 
% within error
≥90% data within ±25%

samples <10x det. limit x
<90% within ±25%
Average % relative 
difference N/A

1

0
0

0
0
1
1

N/A

N/A

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

Los Bronces 7TDA Duplicates - Summary

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from first QC criterion
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting first QC criterionB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA
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Table 24: 4ALC 

Table 23: G3B-MS 

Element Au (ppb) Pt (ppb) Pd (ppb)

10x det. limit 10 1 5
no samples outside ±25% 
% within error
≥90% data within ±25%

samples <10x det. limit x x x
<90% within ±25%
Average % relative 
difference

3

0
0

0
0
3
3

N/A

N/A

Los Bronces G3B-MS Duplicates - Summary

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Total no. of elements excluded from first QC criterion
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting first QC criterionB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA

Element TOT/C (%) TOT/S (%)

10x det. limit 0.1 0.1
no samples outside ±25% 
% within error
≥90% data within ±25%

samples <10x det. limit x x
<90% within ±25%
Average % relative 
difference N/A N/A

2

0
0

0
0
2
2

N/A

N/A

Los Bronces 4ALC Duplicates - Summary

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Total no. of elements excluded from first QC criterion
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting first QC criterionB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting first QC criterionA
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Executive Summary 
 
Rock samples were collected from the Collahuasi region in two campaigns. 1054 samples were collected in 2003-04 
and 403 samples in 2006-07 (Error! Reference source not found.).  
 
Table 1: The number of samples analysed from Collahuasi region 

 
 
Seven analytical techniques, undertaken by Acme Analytical Laboratories (Vancouver) Ltd were used to provide a 
comprehensive suite of element analytes for the samples as summarised in (Table 2).  
 
Table 2: A summary of analytical techniques used to provide elemental analytes data discussed within this report 
(undertaken by Acme Analytical Laboratories (Vancouver) Ltd. www.acmelab.com) 

 
  
The QA/QC assessment of the rock data shows that the dataset is of high quality. 
 
Standards  
The accuracy of the data was assessed by analysing three standards; 2003-04 data was analysed using the OREAS 
44P certified reference material (CRM) standard whilst 2006-07 data was analysed using Altered Andesite Whole 
Rock and Alkali Olivine Basalt (OREAS 24P) secondary reference material (SRM). The accuracy for each analytical 
method was assessed. 
 
A pass-fail criterion was established whereby an element  �passed � if "d3 analysed standard samples for each element 
outside ±25% of the mean for that standard.   
 
The QA/QC result for standards analysed using each analytical method are summarised in Table 3. For 2003-04 data 
only the analytical method 4AWR was subject to QA/QC evaluation - this was to verify the findings of previous quality 
control assessment on this data by Christian Ihlenfeld. For 2006-07 data there was no QA/QC performed for Olivine 
Basalt standards analysed using G3B-MS (Au, Pt, Pd) as no certified values are available for this method. Similarly, 
there was no QA/QC performed for the Alkali Altered Andesite standards for carbon and sulphur analysed using 4ALC 
as there no certified values available. The 4BTD method was only used during the analysis of the 2003-04 data. 
 
 
  

Campaign Total Samples Samples Field Duplicates Standards
Collahuasi 2003-04 1054 994 41 (4%) 26 (3%)
Collahuasi 2006-07 403 367 18 (5%) 18 (5%)

Code Full Name of Analysis (Acme Laboratory) Technique Used Datasets

4AWR Group 4A Whole Rock by ICP
Sample analysed by ICP-emiss ion spectrometry following a Li thium 
metaborate/tetraborate fusion and dilute nitric acid digestion Both

4BWR Group 4B Total Trace Elements by ICP - MS

Rare earth and refractory elements  are determined by ICP mass 
spectrometry following a Lithium metaborate/tetraborate fusion and nitric 
acid digestion of sample.  In addition, a seperate spli t i s digested in Aqua 
Regian and analysed by ICP mass spectrometry to report precious and base 
metals e.g. Au, Ag, Cd

Both

1FMS Group 1F-MS Ultratrace by Mass Spec ICP Mass Spec analysis of a sample after Aqua Regia digestion for low to 
ultra low determination on soils, sediments and lean rocks Both

4ALO Group 4A Whole Rock by ICP (Loss of Ignition) Weight difference after ignition at 1000oc Both
4ALC Group 4A Whole Rock by ICP (LECO) Total Carbon and Sulphur analysis  by LECO Both

G3B-MS Group 3B & 3B-MS
A lead-col lection fire-assay fusion for total sample decomposition, 
digestion of the Ag dore bead and ICP-MS analysis. Both

4BTD Group 4B Total Trace Elements by ICP - MS
Rare earth and refractory elements  are determined by ICP mass 
spectrometry following four acid digest (HCl-HF-HClO4-HNO3) 2003-04 only

7TDA Group 7 ICP & ICP-MS Percentage level  concentrations as  determined by ICP emission 
spectrometry 2006-07 only
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Table 3: Summary of QA/QC accuracy results for 2003-04 data, OREAS 44P standard and 2006-07 data, Alkali Altered 
Andesite and Olivine Basalt standards, grouped according to analytical method 

Analytical Method Percentage of elements meeting QC criterion 

  OREAS 44P 
(2003-04) 

Olivine Basalt 
(2006-07) 

Alkali Altered Andesite 
(2006-07) 

4AWR 100% 100% 92% 
4BWR n/a 100% 100% 
1FMS n/a 50% 80% 
4ALO n/a 0% 100% 
4ALC n/a 100% n/a 
G3B-MS n/a n/a 100% 
4BTD n/a n/a n/a 
7TDA n/a 100% 100% 

 
Overall, the QA/QC result for standards suggests that the majority of the analytical methods used produce highly 
accurate data.  However, a less satisfactory result was produced for 1FMS and 4ALO methods used on the 2006-07 
data than for other analytical methods evaluated, particularly using the Olivine Basalt standard. 
 
The analysis of the Olivine Basalt standard using 1FMS method showed a negative bias across the data analysed. 
This bias meant that cobalt, chromium, lead and zinc lay outside the QA/QC parameters. However, all cases including 
those which lay outside the QA/QC parameters, showed a high standard of reproducibility.  Additionally, this bias was 
not reflected in the analysis of the Alkali Altered Andesite data using the same 1FMS method. The same was seen 
with the 4ALO method, with oxygen performing well using the Alkali Altered Andesite data.  Therefore, it is likely that 
the variability seen with the Olivine Basalt was associated with the standard used rather than the analytical method 
and so, the data produced using the 1FMS and 4ALO method can be considered as of acceptable quality for use 
overall. 
 
Field Duplicates 
Data were evaluated for precision by comparing duplicates against two pass-fail criteria: 
 
1) An element  �passed � if 90% of samples were within ±25 of the percentage relative difference  
2) The entire dataset  �passed � if the average percentage relative difference of all analytes was <±25% 
 
Table 4: Summary of QA/QC reproducibility results for duplicates, grouped according to dataset and analytical method 

 
 

For all analytical methods used to analyse the Collahuasi 2003-04 rock samples, the percentage of duplicates with 
"e90% samples falling within ±25% of relative difference was 100% (Table 4). For the analytical methods used to 
analyse the Collahuasi 2006-07 rock samples, the percentage of duplicates with "e90% for 4AWR, 4BWR and 1FMS 
methods was "d50% (Figure 3). This is low, but is thought to reflect the inherent heterogeneity of rock samples and the 
high variability of the sample media. The other methods had more than 50% of the elemental concentrations below 

Analytical Method

2003-04 2006-07 2003-04 2006-07
4AWR 100% 46% 2% 10%

4BWR - 50% - 11%

1FMS - 0% - 32%

7TDA - below 10x DL - below 10x DL

4ALO - below 10x DL - below 10x DL

4ALC - below 10x DL - below 10x DL

G3B-MS - below 10x DL - below 10x DL

(1) % dupl icates with ≥90% samples within ±25% of 
percentage relative di fference (2) Average of average percentage relative di fference

Percentage of elements meeting first QC Criterion Percentage of elements meeting second Criterion
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10x the detection limit and so these were not considered. The average percentage of duplicates within ±25% of 
percentage relative difference across all datasets was 80%, which although slightly lower than the 90% criteria, it 
demonstrates consistency across the dataset and reflects a level of reproducibility acceptable for use.    

The 4AWR 2003-04 dataset met the second QC criterion with an average percentage relative difference less than 
±25% (Table 4). For the 2006-07 datasets, the 4AWR, 4BWR analytical methods met the second QC criterion as they 
all showed an average percentage relative difference less than ±25% (Table 4).  In contrast, 1FMS with an average of 
average percentage relative difference of 32% was in excess of ±25% limit and so does not meet the second criterion.   

However, when the graphs are observed, it seems likely that this is due to a combination of the inherent inaccuracies 
in data measurement close to 10x the detection limit and the absence of composite sampling method for this sampling 
campaign, leading to an emphasis of the inherent heterogeneity between two individual rock samples.  

Overall, both the 2003-04 and 2006-07 data is acceptable for use, although care should be taken with observed 
concentrations close to 10x the detection limit for the 2006-07 dataset. 
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Summary of QA/QC Results 
 
Rock samples were collected from the Collahuasi region in two campaigns. 1054 samples were collected in 2003-04 
and 403 samples in 2006-07 (Error! Reference source not found.).  
 
Table 2: A summary of analytical techniques used to provide elemental analytes data discussed within this report 
(undertaken by Acme Analytical Laboratories (Vancouver) Ltd. www.acmelab.com) 
 
 

 
 
The QA/QC assessment of the rock data shows that the dataset is of a high quality.   
 
Seven analytical techniques, undertaken by Acme Analytical Laboratories (Vancouver) Ltd were used to provide a 
comprehensive suite of element analytes for the samples as summarised in (Table 2).  
 
Table 2: A summary of analytical techniques used to provide elemental analytes data discussed within this report 
(undertaken by Acme Analytical Laboratories (Vancouver) Ltd. www.acmelab.com) 
 

 
 
The analytes measured by each technique are summarised in Table 5. 
 
Table 5: Summary of analytical techniques and elements analysed 

 
 

Campaign Total Samples Samples Field Duplicates Standards
Collahuasi 2003-04 1054 994 41 (4%) 26 (3%)
Collahuasi 2006-07 403 367 18 (5%) 18 (5%)

Code Full Name of Analysis (Acme Laboratory) Technique Used Datasets

4AWR Group 4A Whole Rock by ICP
Sample analysed by ICP-emiss ion spectrometry following a Li thium 
metaborate/tetraborate fusion and dilute nitric acid digestion Both

4BWR Group 4B Total Trace Elements by ICP - MS

Rare earth and refractory elements  are determined by ICP mass 
spectrometry following a Lithium metaborate/tetraborate fusion and nitric 
acid digestion of sample.  In addition, a seperate spli t i s digested in Aqua 
Regian and analysed by ICP mass spectrometry to report precious and base 
metals e.g. Au, Ag, Cd

Both

1FMS Group 1F-MS Ultratrace by Mass Spec ICP Mass Spec analysis of a sample after Aqua Regia digestion for low to 
ultra low determination on soils, sediments and lean rocks Both

4ALO Group 4A Whole Rock by ICP (Loss of Ignition) Weight difference after ignition at 1000oc Both
4ALC Group 4A Whole Rock by ICP (LECO) Total Carbon and Sulphur analysis  by LECO Both

G3B-MS Group 3B & 3B-MS
A lead-col lection fire-assay fusion for total sample decomposition, 
digestion of the Ag dore bead and ICP-MS analysis. Both

4BTD Group 4B Total Trace Elements by ICP - MS
Rare earth and refractory elements  are determined by ICP mass 
spectrometry following four acid digest (HCl-HF-HClO4-HNO3) 2003-04 only

7TDA Group 7 ICP & ICP-MS Percentage level  concentrations as  determined by ICP emission 
spectrometry 2006-07 only

Analytical Method 2003-04 Analytes
2006-07 Analytes 

Olivine Basalt
2006-07 Analytes

 Altered Alkali Andesite

4AWR
SiO2, Al2O3, Fe2O3, 

MgO, CaO, Na2O, K2O, 
TiO2, P2O5, MnO, Ba, Ni

SiO2, Al2O3, Fe2O3, MgO, 
CaO, Na2O, K2O, TiO2, P2O5, 
MnO, Ba, Cr2O3*

SiO2, Al2O3, Fe2O3, MgO, 
CaO, Na2O, K2O, TiO2, 
P2O5, MnO, Ba

4BWR n/a Nb, Rb, Sr, Th, U, Zr, Y, La, Ce
Nb, Rb, Sn, Sr, Th, U, Zr, Y, 
La, Ce, Pr, Nd, Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu

7TDA n/a Ni Ni

1FMS n/a As, Co, Cr, Ni, Pb, Sb, Zn
As, Au, Bi, Co, Cr, Cu, Ni, 
Pb, Sb, Zn

4ALO n/a LOI LOI
4ALC n/a C n/a

G3B-MS n/a n/a Au
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Standards 
 
In order to evaluate the accuracy of each of the analytical methods used, three types of standards were used.  2003-
04 data was analysed using the OREAS 44P certified reference material (CRM) standard whilst 2006-07 data was 
analysed using Altered Andesite Whole Rock and Alkali Olivine Basalt (OREAS 24P) secondary reference material 
(SRM) standards. These standards were inserted into each analytical run and the results compared against known 
performance gates using graphs. 
 
Performance gates for the analytical methods were referenced for 66 analytes.  Performance gates included:  
 
1) the mean of the CRM/SRM  3) ±2 standard deviation of the mean  
2) ±25% of the mean   4) ±3 standard deviation of the mean 
 
Ideally, 95% of all samples should fall between ±2 standard deviations (warning lines), with 99% between ±3 standard 
deviations (failure lines). The standard suggests that a batch of analyses has failed to reach the level of accuracy 
required if one or more samples lie outside the failure lines (red) or data for more than two standards fall outside any 
warning line (orange) (Figure 1).   
 
To allow for the intrinsic heterogeneity of rock samples (which have variability in their mineralogy and hence 
chemistry) an additional pass-fail criterion was established. An element  �passed � if "d3 analysed standard samples for 
each element were outside ±25% of the mean for that standard.  Elements below the detection limit were excluded 
from evaluation because the results were not reliable. 
 
Graphs for each standard show the analytical results for the reference material plotted against the order of analytes 
(Figure 1). 
 
The QA/QC result for standards analysed using each analytical method are summarised in Table 3. The 4BTD 
method was only used during the analysis of the 2003-04 data. 
 
Table 6: Summary of QA/QC accuracy results for 2003-04 data, OREAS 44P standard and 2006-07 data, Alkali Altered 
Andesite and Olivine Basalt standards, grouped according to analytical method 

Analytical Method Percentage of elements meeting QC criterion 

  OREAS 44P 
(2003-04) 

Olivine Basalt 
(2006-07) 

Alkali Altered Andesite 
(2006-07) 

4AWR 100% 100% 92% 
4BWR n/a 100% 100% 
1FMS n/a 50% 80% 
4ALO n/a 0% 100% 
4ALC n/a 100% n/a 
G3B-MS n/a n/a 100% 
4BTD n/a - - 
7TDA n/a 100% 100% 

 
OREAS 44P 
 
For 2003-04 data, analysed using the OREAS 44P standard, only the analytical method 4AWR was subject to QA/QC 
evaluation - this was to verify the findings of previous quality control assessment on this data by Christian Ihlenfeld.   
 
For the 4AWR method, an evaluation of accuracy using the OREAS 44P standard showed that the majority of 
elements had <±10% bias between their mean and the certified mean, with 100% of elements satisfying the QC pass-
fail criterion.  The level of accuracy of this dataset is high (Table 3). 
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Olivine Basalt 
 
For 2006-07 data, the accuracy of 6 of the 7 analytical methods was evaluated using the Olivine Basalt standard 
(Figure 1). The standards for elements analysed using G3B-MS (Au, Pt, Pd) were not evaluated since there are no 
certified values for the standard using this method. 
 
For the 4AWR, 4BWR and 7TDA analytical methods, an evaluation of accuracy using the Olivine Basalt standards 
show that the majority of elements had <±10% bias between their mean and the certified mean, with 100% of 
elements satisfying the QC pass-fail criterion.  The level of accuracy of these datasets is high (Table 3). 
 
For the 4ALC, 100% of elements satisfied the QC pass-fail criterion.  However the graphs of the elements analysed 
showed a negative bias. This is reflected in the percentage bias of the analysed elements which was greater than 
±10%.  The 1FMS and 4ALO methods also showed a large percentage bias, above ±10%.  
 
The 1FMS method showed a negative bias across all the data analysed.  This bias meant that cobalt, chromium, lead 
and zinc lay outside the QA/QC parameters, resulting in only 50% of elements satisfying the QC pass-fail criterion. 
However, all cases including those which lay outside the QA/QC parameters, showed a high standard of 
reproducibility.  Although the percentage of elements meeting the QC criterion is lower than for 4AWR, 4BWR and 
7TDA methods, it accurate enough for the data to be acceptable for use.   
 
The 4ALO method gave results for oxygen only. This dataset shows a positive bias with two points lying outside the 
QA/QC parameters and led to the method failing to meet the QC pass-fail criterion.  Overall the data are very 
consistent, suggesting a high level of reproducibility but a positive bias away from the mean (reflected in the large 
percentage bias).   
 
This appears to be a feature of the Olivine Basalt standard as the bias is not reflected in the analysis of the Alkali 
Altered Andesite data using the same methods.  Therefore, it is likely that the variability seen with the Olivine Basalt 
was associated with the standard used rather than the analytical method and so, the data produced using the 1FMS 
and 4ALO methods can be considered as acceptable for use overall. 
 
 
Alkali Altered Andesite  
 
The accuracy of 6 of the 7 analytical methods was evaluated using the Alkaline Altered Andesite standard (Figure 1). 
The standards for carbon and sulphur analysed using 4ALC were not evaluated because there are no certified values 
for Alkali Altered Andesite using this method. 
 
The analytical methods, 4AWR, 4BWR, 1FMS, evaluated using the Alkali Altered Andesite standard had <±10% bias 
between their mean and the certified mean with 80% or higher of elements satisfied the QC pass-fail criterion for 
these analytical methods (Table 3).   
 
The 7TDA, 4ALO and G3B-MS methods had greater than ±10% bias, but nonetheless 100% of elements satisfy the 
QC pass-fail criterion. 
 
Therefore data for the Alkaline Altered Andesite standards suggested that the data is highly accurate.   
  
Overall, the QA/QC result for all standards suggests that the majority of the analytical methods used produce 
highly accurate data.   
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Figure 1: Collahuasi rocks, 2006-07, Standards Graphs.  

LH = Olivine Basalt SRM, 4AWR Method, Cr, K, Mg, Ti. 

RH = Alkali Altered Andesite SRM, 1FMS Method, Co, Ni, Pb, Zn. 

Green line represents the reference mean of the SRM of the indicated element, dashed orange lines = ±2std dev., dashed 
red lines = ±3std dev., dashed blue lines = ±25% of mean. 
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(Collahuasi Rocks, 2003-04) Summary of accuracy assessments for the OREAS 44P CRM  

Table 7: OREAS 44P – AWR 

4AWR 

 
 
 

  
 
 
 

Element SiO2_% Al2O3_% Fe2O3_% MgO_% CaO_% Na2O_% K2O_% TiO2_% P2O5_% MnO_% Ba_ppm Ni_ppm

Within 2 SD x x x x x x
Within 3 SD

Within ±25% x x x x
≤3 outside ±25% x x

Otuside Limits

Evaluation

mean 4AWR data 35.74 6.98 49.23 0.77 0.44 0.13 1.47 0.32 0.07 0.09 380.75 494.00

mean (OREAS44) certfied 36.4 7.06 49.35 0.79 0.46 0.2 1.49 0.35 0.09 0.11 430 471

Bias¹ -0.019 -0.011 -0.002 -0.032 -0.049 -0.375 -0.017 -0.079 -0.247 -0.159 -0.115 0.049

% Bias² -2 -1.1 -0.2 -3.16 -4.9 -37.50 -1.68 -7.9 -24.7 -15.9 -11.5 4.9

mean of data 68.04 14.23 4.08 0.94 1.36 3.06 2.79 0.52 0.12 0.06 627 20

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.02 0.01 0.01 0.01 5 20
10x detection limit 0.2 0.3 0.4 0.1 0.1 0.1 0.2 0.1 0.1 0.1 50 200

14

12
6
6

10
12 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0

0
0
2

100%

% Elements within  ±3 std dev and/or ±25 of mean: 83%

Elements below detection limit
Elements too close to detection limit
Elements with no certified values for S43

3 Cr, Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Collahuasi (2003-04) OREAS 44P 4AWR Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements within 2 sd of mean
Elements within 3 sd of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias =  (x�� data - x��standard)                                 
                   x�� standard 

 
² % bias =    bias *100 
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(Collahuasi Rocks, 2006-07) Summary of accuracy assessments for the Olivine Basalt SRM  

Table 8: Olivine Basalt – 4AWR 

 
 

 
 
 
 
  

Element SiO2_% Al2O3_% Fe2O3_% MgO_% CaO_% Na2O_% K2O_% TiO2_% P2O5_% MnO_% Cr2O3_% Ba_ppm

Within 2 SD x x x x x
Within 3 SD x x x
Within ±25% x x x x

≤3 outside ±25%

Outside Limits

Evaluation

mean 4AWR data 51.1 14.27 11.28 7.33 8.61 3.14 0.81 1.91 0.32 0.15 0.037 273

mean (olivine basalt) certfied 51.7 14.46 11.40 6.84 8.49 3.11 0.84 1.83 0.31 0.14 0.037 285

Bias¹ -0.012 -0.013 -0.010 0.071 0.014 0.009 -0.034 0.043 0.013 0.060 -0.005 -0.041

% Bias² -1 -1.3 -1.0 7.12 1.4 0.95 -3.44 4.3 1.3 6.0 -0.5 -4.1

mean of data 69.68 13.32 4.78 1.01 1.44 3.73 3.73 0.51 0.14 0.12 0.003 764

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.04 0.01 0.01 0.01 0.001 5

10x detection limit 100 100 100 50 60 50 50 100 50 50 100 50000

13

12
5
8

12
12 Elements  with ≤3 points  outside ±25% of mean

0
0 Elements  with ≥4 points outside ±25% of mean

0

0
0
1

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements  within 2 sd of mean
Elements  within 3 sd of mean
Elements  within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Collahuasi (2006-07) Olivine Basalt 4AWR Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements  below detection l imit
Elements  too close to detection l imit
Elements with no certified values for S43

3 Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = ((x�� data - x�� standard)/x�� standard) 
² % bias = bias *100 
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Table 9: Olivine Basalt – 4BWR 

 

 
 

 
 
 
   
 
    
 
 
 
 
 
 
 
 
 
 
 

Element Nb_ppm Rb_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm

Within 2 SD x x x x x
Within 3 SD

Within ±25% x x x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 19.9 20.62 412.34 2.70 0.69 138.79 23.78 16.66 35.01

mean (olivine basalt) certfied 21.0 22.40 403.00 2.85 0.75 141 22.90 17.40 37.60

Bias¹ -0.054 -0.079 0.023 -0.053 -0.074 -0.016 0.038 -0.042 -0.069

% Bias² -5 -7.9 2.3 -5.26 -7.4 -1.57 3.83 -4.2 -6.9

mean of data 10.10 125.38 144.56 13.28 3.10 196.21 35.52 26.78 58.23

detection limit 0.5 0.5 0.5 0.1 0.1 0.5 0.1 0.5 0.5

10x detection limit 5 5 5 1 1 5 1 5 5

9

9
5
5
9
9 Elements with ≤3 points  outside ±25% of mean

0
0 Elements with ≥4 points  outside ±25% of mean

0

0
0

19

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements within 2 sd of mean
Elements within 3 sd of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Collahuasi (2006-07) Olivine Basalt 4BWR Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection limit
Elements too close to detection l imit
Elements with no certified values for S43

3 Cs, Ga, Hf, Sn, Ta, V, W, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,  Tm, Yb, Lu

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = ((x�� data - x�� standard)/x�� standard) 
² % bias = bias *100 
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Table 10: Olivine Basalt – 4ALC 

 
 

Table 11: Olivine Basalt – 7TDA 

  
 
Table 12: Olivine Basalt – 4ALO 

4ALO     

 

Element TOT/C_% TOT/S_%

Within 2 SD
Within 3 SD x

Within ±25%

≤3 outside ±25%

Outside Limits

Evaluation below det.

mean 4ALC data 0.05 0.01

mean (olivine basalt) certfied 0.08 0.01

Bias¹ -0.42 -0.14

% Bias² -42 -14

mean of data 1.5 1.5

detection limit 0.1 0.1

10x detection limit 1.0 1.0

Element TOT/C_% TOT/S_%

Within 2 SD
Within 3 SD x

Within ±25%

≤3 outside ±25%

Outside Limits

Evaluation below det.

mean 4ALC data 0.05 0.01

mean (olivine basalt) certfied 0.08 0.01

Bias¹ -0.42 -0.14

% Bias² -42 -14

mean of data 1.5 1.5

detection limit 0.1 0.1

10x detection limit 1.0 1.0

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

1
1
1
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

100%

% Elements within ±3 std dev and/or ±35 of mean: 100%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Collahuasi (2006-07) Olivine Basalt 7TDA Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection limit

Element LOI_%

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25%

Outside Limits x

Evaluation 2 outside 
>±25%†

mean 4ALO data 1.0

mean (olivine basalt) certfied 0.6

Bias¹ 0.61

% Bias² 61

mean of data 1.5

detection limit 0.1

10x detection limit 1.0

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

2 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
1
0
0 Elements with ≤3 points outs ide ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outs ide ±25% of mean

1 Total no. of elements excluded from QC criterion

1
0
0 Elements with no certified values for S43

100%

% Elements within ±3 std dev and/or ±35 of mean: 100%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Collahuasi (2006-07)Olivine Basalt 4ALC Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection limit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 

1 Total no. of elements evaluated

0 Total no. of elements meeting QC criterionA

0
0
0
0 Elements with ≤3 points outside ±25% of mean

1 Total no. of elements not meeting QC criterionB

1 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

0%

% Elements within ±3 std dev and/or ±35 of mean: 0%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Collahuasi (2006-07) Olivine Basalt 4ALO Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection limit

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 
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Table 12: Olivine Basalt – 1FMS 

 
 
 
 
 
 
  
 
 

 
 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
 

Element As_ppm Co_ppm Cr_ppm Cu_ppm Ni_ppm Pb_ppm Sb_ppm Zn_ppm

Within 2 SD x x
Within 3 SD x

Within ±25% x

≤3 outside ±25%

Outside Limits x x x x

Evaluation
all  points 

outside 
±25% 

all  points 
outside 

±25% 

all  points 
outside 
>±25%† 

all  points 
outside 

±25%

mean 1FMS data 0.3 30.7 27.4 40.18 117.2 0.84 0.05 70.1

mean (olivine basaslt) certfied 2.0 44 221 52 141 2.9 0.14 114

Bias¹ -0.86 -0.30 -0.88 -0.23 -0.17 -0.71 -0.65 -0.39

% Bias² -86 -30.2 -87.6 -22.73 -16.9 -71.05 -64.68 -38.5

mean of data 20.3 5.9 10.4 203.62 4.1 47.43 1.61 254.2

detection limit 0.1 0.1 0.5 0.01 0.1 0.01 0.02 0.1

10x detection limit 1.0 1.0 5.00 0.10 1.0 0.10 0.20 1.0

26 Total no. of elements evaluated

4 Total no. of elements meeting QC criterionA

2
3
4
4 Elements with ≤3 points outside ±25% of mean

4 Total no. of elements not meeting QC criterionB

4 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion
0
0

18 Elements with no certified values for S43

50%

% Elements within ±3 std dev and/or ±35 of mean: 50%
3 Mo, Ag, Mn, Au, Cd, Bi , B, Tl, Hg, Se, Te, Ge, In, Re, Be, Li , Pd, Pt

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Collahuasi (2006-07) Olivine Basalt 1FMS Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection l imit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 
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(Collahuasi Rocks) Summary of accuracy assessments for the Alkali Altered Andesite SRM  

Table 13: Alkali Altered Andesite – AWR 

 
 

 

Element SiO2_% Al2O3_% Fe2O3_% MgO_% CaO_% Na2O_% K2O_% TiO2_% P2O5_% MnO_% Ba_ppm

Within 2 SD x x x x x x x
Within 3 SD x

Within ±25% x x

≤3 outside ±25%

Otuside Limits x

Evaluation
2 outside 
> ±25%†

mean 4AWR data 57.5 16.50 10.94 3.05 0.09 0.27 7.66 0.68 0.04 0.05 1092

mean (altered andesite) certfied 57.5 16.18 10.73 2.95 0.10 0.27 8.25 0.68 0.03 0.05 1094

Bias¹ -0.001 0.020 0.019 0.035 -0.139 0.004 -0.072 0.005 0.204 0.000 -0.002

% Bias² 0 2.0 1.9 3.52 -13.9 0.41 -7.21 0.5 20.4 0.0 -0.2

mean of data 69.68 13.32 4.78 1.01 1.44 3.73 3.73 0.51 0.14 0.12 763

detection limit 0.02 0.03 0.04 0.01 0.01 0.01 0.04 0.01 0.01 0.01 5

10x detection limit 100 100 100 50 60 50 50 100 50 50 50000

13

12
7
8

10
10 Elements with ≤3 points outside ±25% of mean

1
1 Elements with ≥4 points outside ±25% of mean

0

0
0
2

92%

% Elements within  ±3 std dev and/or ±25 of mean: 77%

Elements within 2 sd of mean
Elements within 3 sd of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Collahuasi (2006-07) Altered Andesite 4AWR Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection limit
Elements too close to detection l imit
Elements with no certified values for S43

3 Cr, Sc

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 
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Table 14: Alkali Altered Andesite – 1FMS

 

 

 
 
 
 

 

 

 

 

 

 

 

  

Element As_ppm Au_ppb Bi_ppm Co_ppm Cr_ppm Cu_ppm Ni_ppm Pb_ppm Sb_ppm Zn_ppm

Within 2 SD x x x x x x
Within 3 SD

Within ±25% x
≤3 outside ±25% x
Outside Limits x x

Evaluation 4 outside 
>±25%†

al l points  
outside 
>±25%† 

mean 1FMS data 3.1 19.8 0.10 48.4 28.8 418.20 18.7 1.97 0.75 18.0

mean (altered andesite) certfied 6.0 20.0 0.09 44 30 430 19 2.3 1.4 18

Bias¹ -0.48 -0.01 0.07 0.10 -0.04 -0.03 -0.02 -0.14 -0.47 0.00

% Bias² -48 -0.9 6.79 10.0 -4.1 -2.74 -1.6 -14.42 -46.71 -0.2

mean of data 20.3 4.8 0.59 5.9 10.4 203.62 4.1 47.43 1.61 254.2

detection limit 0.1 0.2 0.02 0.1 0.5 0.01 0.1 0.01 0.02 0.1

10x detection limit 1.0 2.0 0.20 1.0 5.00 0.10 1.0 0.10 0.20 1.0

26 Total no. of elements evaluated

8 Total no. of elements meeting QC criterionA

6
6

7
8 Elements with ≤3 points outside ±25% of mean

2 Total no. of elements not meeting QC criterionB

2 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion
0
0

16 Elements with no certified values for S43

80%

% Elements within  ±3 std dev and/or ±25 of mean: 70%
3 Mo, Ag, Mn, Cd, Ti, Tl , Hg, Se, Te, Ge, In, Re, Be, l i , Pd, Pt

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Collahuasi (2006-07) Altered Andesite 1FMS Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection l imit

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 
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Table 15: Alkali Altered Andesite – 4BWR 

 
 

 
 
 
 
 
 
 
 
 

Element Nb_ppm Rb_ppm Sn_ppm Sr_ppm Th_ppm U_ppm Zr_ppm Y_ppm La_ppm Ce_ppm Pr_ppm

Within 2 SD x x x x x x x
Within 3 SD x x
Within ±25% x x

≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.5 183.13 4.39 44.86 4.22 1.08 120.37 9.52 3.63 7.01 0.875
mean (altered andesite) certfied 4.0 202.00 5.00 46.00 4.5 1.20 129 9.20 4.00 7.40 0.9
Bias¹ -0.118 -0.093 -0.122 -0.025 -0.063 -0.097 -0.067 0.035 -0.093 -0.053 -0.028

% Bias² -12 -9.3 -12.2 -2.5 -6.30 -9.7 -6.69 3.50 -9.3 -5.3 -2.8

mean of data 10.12 125.23 2.20 144.83 13.30 3.10 196.42 35.59 26.85 58.36 6.886703
detection limit 0.5 0.5 1 0.5 0.1 0.1 0.5 0.1 0.5 0.5 0.02
10x detection limit 5 5 10 5 1 1 5 1 5 5 0.2

Element Nd_ppm Sm_ppm Eu_ppm Gd_ppm Tb_ppm Dy_ppm Ho_ppm Er_ppm Tm_ppm Yb_ppm Lu_ppm

Within 2 SD x x x x x x x

Within 3 SD x x

Within ±25% x x
≤3 outside ±25%

Outside Limits

Evaluation

mean 4BWR data 3.73 1.0 0.24 1.19 0.24 1.39 0.29 0.89 0.15 0.99 0.16

mean (altered andesite) certfied 3.7 1.0 0.20 1.20 0.22 1.5 0.30 1 0.16 1.10 0.19

Bias¹ 0.009 -0.019 0.217 -0.006 0.083 -0.076 -0.043 -0.108 -0.087 -0.099 -0.167

% Bias² 1 -2 21.7 -0.6 8.3 -7.56 -4.3 -10.78 -8.68 -9.9 -16.7

mean of data 27.23 5.50 1.03 5.14 0.96 5.32 1.06 3.28 0.53 3.46 0.52

detection limit 0.4 0.1 0.05 0.05 0.01 0.05 0.05 0.05 0.05 0.05 0.01

10x detection limit 4 1 0.5 0.5 0.1 0.5 0.5 0.5 0.5 0.5 0.1

22

22
14
18
22
22 Elements with ≤3 points outside ±25% of mean

0
0 Elements with ≥4 points outside ±25% of mean

0
0
0
6

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

Elements within 2 sd of mean
Elements within 3 sd of mean
Elements within ±25% of mean

Total no. of elements not meeting QC criterionB

Total no. of elements excluded from QC criterion

Collahuasi (2006-07) Altered Andesite 4BWR Standard

Total no. of elements evaluated

Total no. of elements meeting QC criterionA

Elements below detection limit
Elements too close to detection limit
Elements with no certified values for S43

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 
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Table 16: Alkali Altered Andesite – 7TDA 

  
 
Table 17: Alkali Altered Andesite – 4ALO 

 
 

Table 18: Alkali Altered Andesite – G3B-MS 

 

Element Ni_ppm
Within 2 SD
Within 3 SD

Within ±25%
≤3 outside ±25% x
Outside Limits

Evaluation

mean 7TDA data 17.0

mean (altered andesite) certfied 19

Bias¹ -0.11
% Bias² -10.5
mean of data 7.1
detection limit 0.1
10x detection limit 1.0

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
0
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean
0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

100%

% Elements within  ±3 std dev and/or ±25 of mean: 0

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection l imit

Collahuasi (2006-07) Altered Andesite 7TDA Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection l imit

Element LOI_%

Within 2 SD
Within 3 SD
Within ±25% x

≤3 outside ±25%

Outside Limits

Evaluation

mean 4ALO data 3.2
mean (altered andesite) certfied 2.9

Bias¹ 0.13

% Bias² 13

mean of data 1.5

detection limit 0.1

10x detection limit 1.0

Element Au_ppb

Within 2 SD
Within 3 SD

Within ±25%

≤3 outside ±25% x

Outside Limits

Evaluation

mean G3B-MS data 15.9

mean (altered andesite) certfied 20

Bias¹ -0.21

% Bias² -20.56

mean of data 6.4

detection limit 0.2

10x detection limit 2.0

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%

1 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
1
1 Elements with ≤3 points  outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points  outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
0 Elements with no certified values for S4

100%

% Elements within  ±3 std dev and/or ±25 of mean: 100%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Collahuasi (2006-07) Altered Andesite 4ALO Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection l imit

3 Total no. of elements evaluated

1 Total no. of elements meeting QC criterionA

0
0
0
1 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

0 Total no. of elements excluded from QC criterion

0
0
2 Elements with no certified values for S43

100%

% Elements within  ±3 std dev and/or ±25 of mean: 0%
3 Pd, Pt

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Elements too close to detection limit

Collahuasi (2006-07) Altered Andesite G3B-MS Standard

Elements within 3 sd of mean
Elements within 2 sd of mean

Elements within ±25% of mean

Elements below detection limit

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 

¹ bias = 
(x�� data - x�� standard) 
       x�� standard 
² % bias = bias *100 

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%
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Field Duplicates 
 
During the sampling campaigns, field duplicates were collected to determine the sampling variation (Table 1).    
 
In order to evaluate the precision of the data collected, the percentage relative difference between duplicates was 
calculated for each analytical method.  
 
The duplicate results are presented as graphs for each chemical element, comparing the percentage relative 
difference plotted against the original-duplicate mean (1).  
 

y	axis:											100 ∗
Original − Duplicate

1
2 (Original + Duplicate)

																																																												(1) 

 

x	axis:																						
1
2 (Original + Duplicate)																																																																			 

 
Two pass-fail criteria were applied to each element; 
 
1) An element  �passed � where 90% of values fell within ±25% of the percentage relative difference  
2) The entire dataset  �passed � if the average percentage relative difference of all analytes was <±25%* 

 
A black solid line which represents ten times the detection limit is plotted parallel to Y axis (Figure 2) or otherwise 
indicated. Samples less than 10 times the detection limit and elements where more than 50% of samples were less 
than 10 times the detection limit were excluded from the evaluation. 
 
*Elements with sample concentrations close to detection limits show increased variability resulting from difficulties 
maintaining accuracy of measurements at low concentrations. The second pass-fail criterion accounts for this by 
considering the overall average percentage relative difference per element; this reflects the overall behaviour of the 
dataset and so minimises the variability caused by samples close to the detection limits. 
   
Table 4: Summary of QA/QC reproducibility results for duplicates, grouped according to dataset and analytical method 
 

 
 
(1) Percentage of duplicates with ≥90% of samples within ±25% of percentage relative difference (meeting 

first QC criterion) 
  
For all analytical methods used to analyse the Collahuasi 2003-04 rock samples, the percentage of duplicates with 
"e90% samples falling within ±25% of relative difference was 100% (Table 4). 
 
For the analytical methods used to analyse the Collahuasi 2006-07 rock samples, the percentage of duplicates with 
"e90% for 4AWR, 4BWR and 1FMS methods was 46%, 50% and 0% respectively (Figure 3).  The other methods had 
more than 50% of the elemental concentrations below 10x the detection limit and so these were not considered.   
 
 

Analytical Method

2003-04 2006-07 2003-04 2006-07
4AWR 100% 46% 2% 10%

4BWR - 50% - 11%

1FMS - 0% - 32%

7TDA - below 10x DL - below 10x DL

4ALO - below 10x DL - below 10x DL

4ALC - below 10x DL - below 10x DL

G3B-MS - below 10x DL - below 10x DL

(1) % dupl icates with ≥90% samples within ±25% of 
percentage relative di fference (2) Average of average percentage relative di fference

Percentage of elements meeting first QC Criterion Percentage of elements meeting second Criterion



    
  

19 
 

This performance of 4AWR and 4BWR is low at approximately 50% however this is thought to reflect the inherent 
heterogeneity of rock samples and the high variability of the sample media. The chemistry of rocks may vary 
significantly over mm distance as a result of the changing mineralogy and varied states (e.g. oxidised, reduced) in 
which elements may be present.  However, the average percentage of duplicates within ±25% of percentage relative 
difference across all datasets was 80%.  Although this is lower than the 90% criteria, it demonstrates consistency 
across the dataset and reflects a level of reproducibility acceptable for use.    
 
To allow for the intrinsic heterogeneity of rock samples an additional pass-fail criterion was established. An element 
 �passed � if "d3 analysed standard samples for each element were outside ±25% of the mean for that standard.   
 
(2) Average of average percentage relative difference (meeting second QC criterion) 

The 4AWR 2003-04 dataset met the second QC criterion with an average percentage relative difference less than 
±25% (Table 4). 

For the 2006-07 datasets, the 4AWR, 4BWR analytical methods met the second QC criterion as they all showed an 
average percentage relative difference less than ±25% (Table 4).  In contrast, 1FMS with an average of average 
percentage relative difference of 32% was in excess of ±25% limit and so does not meet the second criterion.   

However, when the graphs are observed, many of the elements have concentrations outside of the limits are clustered 
close to the 10x detection limit (Figure 2) so it is possible that it is inaccuracies in measurement at low concentrations 
which cause the slightly greater average relative difference than desired.  Additionally, it is thought that the original 
sampling for this dataset did not use a composite sampling method, without which it is difficult to take accurately 
reproducible rock samples due to the inherent heterogeneity of individual rock units. Therefore, although higher than 
the ideal, the average relative difference is low enough for the data to be accepted for use, as long as care is taken 
with observed concentrations close to 10x the detection limit.   

 
Figure 2 - illustrating the clustering of concentrations outside of desired limits near to the 10x detection limit 

The datasets for 7TDA, 4ALO, 4ALC and G3B-MS methods contained elements which were below 10x detection limit 
and therefore were excluded from QA/QC evaluation.   
 
Overall, although the performance of the datasets under the first criterion was low, the performance against the 
second criterion suggests that this reflects the intrinsic heterogeneity of the rock samples and low concentrations 
close to 10x detection limit. 
 
Overall, the data is acceptable for use.  
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Figure 3: Collahuasi Rocks – Duplicates Graphs.  Horizontal red lines represent ±25 % error margins. Vertical black 
lines represent ten times the detection limit for each element. 

LH side: Collahuasi 2003-04 Rocks, RH side Collahuasi 2006-07 Rocks, both 4AWR Method, Si, Al, Ca, K, Ba 
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(Collahuasi 2003-04 Rocks) Reproducibility assessment for field duplicates 

Table 19: 4AWR 

 
 

 
 
(Collahuasi 2006-07 Rocks) Reproducibility assessment for field duplicates 

Table 20: 4AWR 

 

 

Element SiO2 (%) Al2O3 (%) Fe2O3 (%) MgO (%) CaO (%) Na2O (%) K2O (%) TiO2 (%) P2O5 (%) MnO (%) Cr2O3 (%) Ba (ppm) Sc (ppm) Ni (ppm)
10x det. limit 0.2 0.3 0.4 0.1 0.1 0.1 0.4 0.1 0.1 0.1 0.01 50 10 200
no samples outside ±25% 0 0 0 0 0 0 0 0 0
% within error 100 100 100 100 100 100 100 100 100
≥90% data within ±25% x x x x x x x x x

samples <10x det. limit x x x x x
<90% within ±25%
Average % relative 
difference 0.3 0.6 2.1 1.0 3.0 3.0 2.0 1.0 N/A N/A N/A 1.0 N/A N/A

14

9
9

0
0
5
5

100%

2%

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Collahuasi (2003-04) 4AWR Duplicates - Summary

Total no. of elements excluded from QC criteria
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting QC criteriaB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting QC criteriaA

Element SiO2 (%) Al2O3 (%) Fe2O3 (%) MgO (%) CaO (%) Na2O (%) K2O (%) TiO2 (%) P2O5 (%) MnO (%) Cr2O3 (%) Ba (ppm) Sc (ppm)

10x det. limit 0.2 0.3 0.4 0.1 0.1 0.1 0.4 0.1 0.1 0.1 0.01 50 10
no samples outside ±25% 0 0 2 4 5 2 0 1 2 0 0
% within error 100 100 89 69 69 89 100 92 80 100 100
≥90% data within ±25% x x x x x x

samples <10x det. limit x x
<90% within ±25% x x x x x
Average % relative 
difference 2 3 11 24 23 11 7 5 13 N/A N/A 6 6

13

6
6
5
5
2
2

46%

10%

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Collahuasi (2006-07) 4AWR Duplicates - Summary

Total no. of elements excluded from QC criteria
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting QC criteriaB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting QC criteriaA
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Table 21: 4BWR  

 

Table 22: 1FMS 

 
 
 
 
 
 
 
 
 
 
 

Element Cs (ppm) Ga (ppm) Hf (ppm) Nb (ppm) Rb (ppm) Sn (ppm) Sr (ppm) Ta (ppm) Th (ppm) U (ppm) V (ppm) W (ppm) Zr (ppm)

10x det. limit 1 5 5 5 5 10 5 1 1 1 50 1 5
no samples outside ±25% 2 1 0 1 1 2 1 3 1 1
% within error 83 94 100 94 94 89 92 82 92 94
≥90% data within ±25% x x x x x x x

samples <10x det. limit x x x
<90% within ±25% x x x
Average % relative 
difference 20 7 6 7 10 N/A 14 N/A 9 12 N/A 21 6

Element Y (ppm) La (ppm) Ce (ppm) Pr (ppm) Nd (ppm) Sm (ppm) Eu (ppm) Gd (ppm) Tb (ppm) Dy (ppm) Ho (ppm) Er (ppm) Tm (ppm)

10x det. limit 1 5 5 0.2 4 1 0.5 0.5 0.1 0.5 0.5 0.5 0.5
no samples outside ±25% 1 3 3 3 2 2 2 1 2 2 1 1 0
% within error 94 83 83 83 89 89 88 94 89 89 94 94 100
≥90% data within ±25% x x x x x
samples <10x det. limit
<90% within ±25% x x x x x x x x
Average % relative 
difference 10 19 17 16 15 11 11 12 10 10 11 9 9

Element Yb (ppm) Lu (ppm)
10x det. limit 0.5 0.1 Collahuasi (2006-07) 4BWR Duplicates - Summary
no samples outside ±25% 0 0
% within error 100 100 28
≥90% data within ±25% x x 14
samples <10x det. limit 14
<90% within ±25% 11
Average % relative 
difference 8 7 11

3
3

50%

11%

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from QC criteria
<90% duplicates within ±25% of %relative difference

Total no. of elements not meeting QC criteriaB

≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting QC criteriaA

Element Mo (ppm) Cu (ppm) Pb (ppm) Zn (ppm) Ag (ppb) Ni (ppm) Co (ppm) Mn (ppm) As (ppm) Au (ppb) Cd (ppm) Sb (ppm) Bi (ppm)

10x det. limit 0.1 0.1 0.1 1 20 1 1 10 1 2 0.1 0.2 0.2
no samples outside ±25% 6 10 12 8 5 3 4 6
% within error 67 44 33 56 58 73 78 63
≥90% data within ±25%

samples <10x det. limit x x x x x
<90% within ±25% x x x x x x x x
Average % relative 
difference 21 40 44 42 40 N/A 22 15 23 N/A N/A N/A N/A

Element Cr (ppm) B (ppm) Tl (ppm) Hg (ppb) Se (ppm) Te (ppm) Ge (ppm) In (ppm) Re (ppb) Be (ppm) Li (ppm) Pd (ppb) Pt (ppb)

10x det. limit 5 10 0.2 50 1 0.2 1 0.2 10 1 1 100 20
no samples outside ±25% 6 5
% within error 60 62
≥90% data within ±25%
samples <10x det. limit x x x x x x x x x x x
<90% within ±25% x x
Average % relative 
difference 37 N/A N/A N/A N/A N/A N/A N/A N/A N/A 34 N/A N/A

26

0
0

10
10
16
16

0%

32%

Collahuasi (2006-07) 1FMS Duplicates - Summary

(1) % duplicates with ≥90% samples within ±25% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Total no. of elements excluded from QC criteria
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting QC criteriaB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting QC criteriaA
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Element LOI (%)

10x det. limit 1
no samples outside ±25% 
% within error
≥90% data within ±25%

samples <10x det. limit x
<90% within ±25%
Average % relative 
difference

Collahuasi (2006-07) LOI Duplicates - Summary

1

0
0

0
0
1
1

N/A

N/A

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from QC criteria
<90% dupl icates within ±25% of %relative di fference
Total no. of elements not meeting QC criteriaB
≥90% dupl icates within ±25% of %relative di fference
Total no. of elements meeting QC criteriaA

Element Ni (ppm)

10x det. limit 100
no samples outside ±25% 
% within error
≥90% data within ±25%

samples <10x det. limit x
<90% within ±25%
Average % relative 
difference

Element TOT/C (%) TOT/S (%)

10x det. limit 0.1 0.1
no samples outside ±25% 
% within error
≥90% data within ±25%

samples <10x det. limit x x
<90% within ±25%
Average % relative 
difference

Table 23: 4ALO 

Table 24: 7TDA 

Table 26: 4ALC 

Table 25: G3B-MS 

Collahuasi (2006-07) 7TDA Duplicates - Summary

1

0
0

0
0
1
1

N/A

N/A

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from QC criteria
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting QC criteriaB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting QC criteriaA

Element Au (ppb) Pt (ppb) Pd (ppb)

10x det. limit 10 1 5
no samples outside ±25% 
% within error
≥90% data within ±25%
samples <10x det. limit x x x
<90% within ±25%
Average % relative 
difference

Collahuasi (2006-07) G3B-MS Duplicates - Summary

3

0
0

0
0
3
3

N/A

N/A

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection limit

Total no. of elements evaluated

Total no. of elements excluded from QC criteria
<90% duplicates wi thin ±25% of %relative difference
Total no. of elements not meeting QC criteriaB
≥90% duplicates wi thin ±25% of %relative difference
Total no. of elements meeting QC criteriaA

Collahuasi (2006-07) 4ALC Duplicates - Summary

2

0
0

0
0
2
2

N/A

N/A

(1) % duplicates with ≥90% samples within ±25% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

>50% of samples below 10x detection l imit

Total no. of elements evaluated

Total no. of elements excluded from QC criteria
<90% duplicates within ±25% of %relative difference
Total no. of elements not meeting QC criteriaB
≥90% duplicates within ±25% of %relative difference
Total no. of elements meeting QC criteriaA
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Executive Summary 
 
Soil samples were collected from the Collahuasi region in two campaigns, the first in 2003-04 and the second in 2006-
07 (Table 1). The QA/QC assessment of the soil data shows the dataset is of a high quality. 

 
Table 1: The number of samples analysed in each campaign

 

Standards 
The accuracy of the data was assessed by analysing S4 standards (internal reference material (IRM)). A pass-fail 
criterion was established whereby an element  �passed � if "d3 analysed standard samples for each element were 
outside ±25% of the mean for that standard. 
 
For soils collected at Collahuasi during 2003-04, all of the 44 elements evaluated met the criteria - 100% (Table ). For 
soils collected at Collahuasi during 2006-07, 41 of the 44 elements evaluated met the criteria - 93% (Table 3). 
Cadmium, Selenium and Antimony failed the criteria.  
 
Table 2: Collahuasi Soils (2003-04) S4 Standards 

  
         3Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 
 
Field Duplicates 
Data were evaluated for precision by comparing duplicates against two pass-fail criteria: 
 
1) An element  �passed � if 95% of samples were within ±20 of the percentage relative difference  
2) The entire dataset  �passed � if the average percentage relative difference of all analytes was <±20% 
 
For soils collected at Collahuasi during 2003-04, 33 of the 34 elements evaluated met the first criterion, 97%.  Overall 
the average percentage relative difference for analysed elements was 4% demonstrating a high level of precision 
(Table ).  
 
For soils collected at Collahuasi during 2006-07, 5 of the 50 elements evaluated met the first criterion, 10%.  Overall, 
the average percentage relative difference for analysed elements was 14%, demonstrating a high level of precision 
(Table ).   
 

 
 

Campaign Total samples Samples Field duplicates S4 standards
2003-04 303 253 25 (10%) 25 (10%)
2006-07 628 572 27 (5%) 29 (5%)

53 Total no. of elements evaluated

44 Total no. of elements meeting QC criterionA

8
14
40
44 Elements with ≤3 points outside ±25% of mean

0 Total no. of elements not meeting QC criterionB

0 Elements with ≥4 points outside ±25% of mean

9 Total no. of elements excluded from QC criterion

9
0
0 Elements with no certified values for S4

100%

91%

% Elements Meeting Criterion*:
*((A/(A+B))x100)

% Elements within ±3 std dev and/or ±25% of mean:

Elements too close to detection l imit

Collahuasi (2003-04) S4 Standards - Summary

Elements within 3 std dev of mean
Elements within 2 std dev of mean

Elements within ±25% of mean

Elements below detection l imit

53

41

1
4

31
5

3 Total no. of elements not meeting QC criterionB

3 Elements with ≥4 points outside ±25% of mean

9 Total no. of elements excluded from QC criterion
7
2

12 Elements with no certified values for S43

93%

61%
% Elements within ±3 std dev and/or ±25% of 

mean:

Collahuasi (2006-07) S4 Standards - Summary

Total no. of elements evaluated

Elements below detection l imit
Elements too close to detection l imit

Elements with ≤3 points outside ±25% of mean
Elements within ±25% of mean

Total no. of elements meeting QC criterionA

Elements within 2 std dev of mean
Elements within 3 std dev of mean

% Elements Meeting Criterion*:
*((A/(A+B))x100)

Table 3: Collahuasi Soils (2006-07) S4 Standards 
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Table 4: Collahuasi Soils (2003-04) Field Duplicates         

   
 
Summary of QA/QC Results 
 
Soil samples were collected from the Collahuasi region in two campaigns, the first in 2003-04 and the second in 2006-
07 (Table 1). 
 
Table 1: The number of samples analysed in each campaign

 

The QA/QC assessment of the soil data shows a high quality dataset. 
 
Standards 
 
In order to evaluate the analytical accuracy of the group 1F-MS method, S4 standards (internal reference material 
(IRM)) were inserted into each analytical run and the results compared against known performance gates using 
graphs. Performance gates for this analytical method were referenced for 53 elements.  Performance gates included:  
 
1) the mean of the S4 IRM 3) ±2 standard deviation of the mean  
2) ±25% of the mean  4) ±3 standard deviation of the mean 
 
Ideally, 95% of all samples should fall between ±2 standard deviations (warning lines), with 99% between ±3 standard 
deviations (failure lines). The standard suggests that a batch of analyses has failed if one or more samples fall outside 
the failure lines or more than two standards fall outside any warning line.   
 
To allow for the intrinsic heterogeneity of soil samples, sieved at 250 µm, an additional pass-fail criterion was 
established. An element  �passed � if "d3 analysed standard samples for each element were outside ±25% of the mean 
for that standard.  Elements below or too close to their detection limit were excluded from evaluation. 
 
Graphs for these standards show the analytical results for the internal reference material (IRM) plotted against the 
analytical order (Figure 1). 
 
For soils collected at Collahuasi during 2003-04, the majority of elements had <±10% bias between their mean and 
the certified S4 mean. In addition, all 44 elements evaluated, satisfied the criterion, 100%. Overall the level of 
accuracy for the dataset is high (Table 6). 
 
For soils collected at Collahuasi during 2006-07, the majority of elements had <±10% bias between their mean and 
the certified S4 mean. In addition, 41 of the 44 evaluated elements satisfied the criterion, 93%. Cadmium, Selenium 
and Antimony failed. Overall the dataset demonstrates a high level of accuracy (Table 7).   

53

33
33

1
1

19
19

97%

4%

>50% of samples below 10x detection l imit
Total no. of elements excluded from QC criterion

(1) % duplicates with ≥95% samples within ±20% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

<95% dupl icates within ±20% of %relative difference
Total no. of elements not meeting first QC criterionB
≥95% dupl icates within ±20% of %relative difference
Total no. of elements meeting first QC criterionA
Total no. of elements evaluated

Collahuasi (2003-04) Duplicates - Summary

65

5
5

45
45
15
15

10%

14%

Collahuasi (2006-07) Duplicates - Summary

Total no. of elements excluded from QC criterion
<95% duplicates within ±20% of %relative difference
Total no. of elements not meeting QC criterionB
≥95% duplicates within ±20% of %relative difference
Total no. of elements meeting QC criterionA

>50% of samples below 10x detection limit

Total no. of elements evaluated

(1) % duplicates with ≥95% samples within ±20% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

Campaign Total samples Samples Field duplicates S4 standards
2003-04 303 253 25 (10%) 25 (10%)
2006-07 628 572 27 (5%) 29 (5%)

Table 5: Collahuasi Soils (2006-07) Field Duplicates 
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Figure 1: As, Cd, Cu, Fe, Hg, K, Mo, Pb, S, Zn Collahuasi soils S4 IRM. Green line represents the reference mean of 
the IRM of the indicated determinant, dashed orange lines = ±2std dev., dashed red lines = ±3std dev., purple line 
indicates the detection limit. 
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Figure 1: As, Cd, Cu, Fe, Hg, K, Mo, Pb, S, Zn Collahuasi soils S4 IRM. Green line represents the reference mean of 
the IRM of the indicated determinant, dashed orange lines = ±2std dev., dashed red lines = ±3std dev., purple line 
indicates the detection limit. 
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Table 6: (2003-04 Collahuasi Soils) Accuracy assessment for the S4 IRM  

 

Element Ag_ppb Al_per As_ppm Au_ppb B_ppm Ba_ppm Be_ppm Bi_ppm Ca_per Cd_ppm Ce_ppm Co_ppm Cr_ppm

Within 2 std dev x x x x
Within 3 std dev

Within ±25% of mean x x x x x x

≤3 outside ±25% of mean x x

Outside Limits

Evaluation below det.

mean S4 data 70 6.45 2.4 1.3 1 87.5 0.9 0.17 0.48 0.12 44.9 14.8 53.9

mean S4 certfied 67 5.79 2.7 0.9 1 92.0 1.0 0.18 0.50 0.12 43.5 15.3 55.2

Bias¹ 0.04 0.11 -0.11 0.44 -0.05 -0.10 -0.06 -0.04 0.00 0.03 -0.03 -0.02
% Bias² 4.48 11.40 -11.11 44.44 -4.89 -10.00 -5.56 -4.00 0.00 3.22 -3.27 -2.36

mean of data 314 1.58 39.9 7.8 8 199.6 0.9 0.69 0.30 0.90 34.0 11.2 14.7

detection limit 2 0.01 0.1 0.2 1 0.5 0.1 0.02 0.01 0.01 0.1 0.1 0.5

10x detection limit 20 0.10 1.0 2.0 10.00 5.00 1.00 0.20 0.10 0.10 1.00 1.0 5.00
Element Cs_ppm Cu_ppm Fe_per Ga_ppm Ge_ppm Hf_ppm Hg_ppb In_ppm K_per La_ppm Li_ppm Mg_per Mn_ppm

Within 2 std dev x
Within 3 std dev x x

Within ±25% of mean x x x x x x x x

≤3 outside ±25% of mean x

Outside Limits

Evaluation below det.

mean S4 data 1.28 34.62 4.98 13.3 0.10 1.21 52 0.07 0.04 14.9 7.8 0.50 520

mean S4 certfied 1.30 34.06 5.13 13.9 0.10 1.25 54 0.07 0.04 14.7 8.3 0.52 559

Bias¹ -0.02 0.02 -0.03 -0.04 -0.03 -0.04 0.00 0.00 0.01 -0.06 -0.04 -0.07
% Bias² -1.54 1.64 -2.92 -4.32 -3.20 -3.70 0.00 0.00 1.36 -6.02 -3.85 -6.98
mean of data 4.85 127.00 2.96 5.0 0.07 0.22 28 0.13 0.21 17.6 21.8 0.47 1016
detection limit 0.02 0.01 0.01 0.1 0.1 0.02 5 0.02 0.01 0.5 0.1 0.01 1
10x detection limit 0.20 0.10 0.10 1.00 1 0.20 50.00 0.20 0.10 5.00 1.00 0.10 10

Element Mo_ppm Na_per Nb_ppm Ni_ppm P_per Pb_ppm Pd_ppb Pt_ppb Rb_ppm Re_ppb S_per Sb_ppm Sc_ppm
Within 2 std dev x
Within 3 std dev x x x

Within ±25% of mean x x x x x

≤3 outside ±25% of mean

Outside Limits

Evaluation
below det. below det. below det. below det.

mean S4 data 0.46 0.131 0.69 10.3 0.049 9.35 5 1 3.5 1 0.01 0.09 14.1

mean S4 certfied 0.47 0.136 0.67 10.4 0.052 9.78 10 2 3.6 1 0.02 0.09 14.7
Bias¹ -0.02 -0.04 0.03 -0.01 -0.06 -0.04 -0.03 0.00 -0.04
% Bias² -2.13 -3.68 2.99 -0.96 -5.77 -4.40 -2.78 0.00 -4.08
mean of data 3.70 0.021 0.22 11.7 0.060 57.92 5 1 21.0 1 0.05 2.01 4.2
detection limit 0.01 0.001 0.02 0.1 0.001 0.01 10 2 0.1 1 0.02 0.02 0.1
10x detection limit 0.10 0.01 0.20 1.0 0.01 0.10 100.00 20.00 1.00 10.00 0.20 0.20 1.00

Element Se_ppm Sn_ppm Sr_ppm Ta_ppm Te_ppm Th_ppm Ti_per Tl_ppm U_ppm V_ppm W_ppm Y_ppm Zn_ppm

Within 2 std dev x x
Within 3 std dev x
Within ±25% of mean x x x x x x
≤3 outside ±25% of mean x

Outside Limits

Evaluation below det. below det. below det.
mean S4 data 0.49 1.3 47.1 0.03 0.01 2.8 0.486 0.21 0.7 181 0.1 19.78 42.2

mean S4 certfied 0.54 1.3 45.5 0.05 0.02 2.7 0.475 0.20 0.7 176 0.1 20.31 51.2

Bias¹ -0.1 0.00 0.03 0.04 0.02 0.03 0.00 0.03 -0.03 -0.18
% Bias² -10.0 0.00 3.49 3.70 2.32 2.60 0.00 2.84 -2.61 -17.58
mean of data 0.8 73.25 0.03 0.14 7.0 0.071 0.23 1.4 67.24 0.5 10.31 178.9
detection limit 0.1 0.1 0.50 0.05 0.02 0.1 0.001 0.02 0.1 2.00 0.1 0.01 0.1
10x detection limit 1.0 1.00 5.00 0.50 0.20 1.0 0.01 0.20 1.0 20.00 1.00 0.10 1.0

Element Zr_ppm
Within 2 std dev
Within 3 std dev

Within ±25% of mean x

≤3 outside ±25% of mean

Outside Limits
Evaluation
mean S4 data 70.5
mean S4 certfied 66.4
Bias¹ 0.06
% Bias² 6.17
mean of data 9.3
detection limit 0.1
10x detection limit 1.00

¹ bias = ((x�� data - x�� standard)/x�� standard) 
² % bias = bias *100 

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%
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Table 7: (2006-07 Collahuasi Soils) Accuracy assessment for the S4 IRM 

Element Ag_ppb Al_per As_ppm Au_ppb B_ppm Ba_ppm Be_ppm Bi_ppm Ca_per Cd_ppm Ce_ppm Co_ppm Cr_ppm
Within 2 std dev x
Within 3 std dev x

Within ±25% x x x x x x x x

≤3 outside ±25% x

Outside Limits x

Evaluation
below det.

7 outside   
> ±25%†

mean S4 data 71 6.26 2.8 1.1 1 90 0.9 0.20 0.51 0.15 40.6 15.7 52.4

mean S4 certfied 67 5.79 2.7 0.9 1 92 1.0 0.18 0.50 0.12 43.5 15.3 55.2

Bias¹ 0 0.08 0.0 0.2 N/A -0.02 -0.07 0.09 0.02 0.26 -0.07 0.03 -0.05

% Bias² 6 8.06 2.6 20.7 N/A -2 -6.90 9.20 2.05 26.15 -6.78 2.57 -5.08

mean of data 444 1.72 56.2 9.5 8 212 0.8 0.83 0.24 0.90 25.3 10.1 14.8

median of data 168 1.69 35.2 2.9 8 193 0.7 0.50 0.22 0.54 23.4 9.4 14.4

detection limit 2 0.01 0.1 0.2 1 1 0.1 0.02 0.01 0.01 0.1 0.1 0.5

10x detection limit 20 0.10 1.0 2.0 10 5 1.00 0.20 0.10 0.10 1.00 1.0 5.00
Element Cs_ppm Cu_ppm Fe_per Ga_ppm Ge_ppm Hf_ppm Hg_ppb In_ppm K_per La_ppm Li_ppm Mg_per Mn_ppm

Within 2 std dev
Within 3 std dev x x x
Within ±25% x x x x x x x x x

≤3 outside ±25%

Outside Limits
Evaluation below det.

mean S4 data 1.31 35.28 5.18 13.5 0.12 1.29 50 0.07 0.04 15.56 7.8 0.50 503

mean S4 certfied 1.30 34.06 5.13 13.9 0.10 1.25 54 0.07 0.04 14.7 8.3 0.52 559

Bias¹ 0.01 0.04 0.01 -0.03 N/A 0.03 -0.07 0.06 -0.01 0.06 -0.06 -0.04 -0.10
% Bias² 1.01 3.60 1.01 -2.75 N/A 3.14 -7.22 5.91 -0.60 5.84 -6.11 -3.65 -9.96
mean of data 4.54 178.00 3.00 5.0 0.07 0.25 25 0.08 0.18 15.2 20.5 0.43 825
median of data 4.42 92.83 2.94 4.9 0.05 0.25 12 0.05 0.18 14.3 20.0 0.42 635
detection limit 0.02 0.01 0.01 0.1 0.1 0.02 5 0.02 0.01 0.5 0.1 0.01 1
10x detection limit 0.20 0.10 0.10 1.00 1 0.20 50.00 0.20 0.10 5.00 1.00 0.10 10

Element Mo_ppm Na_per Nb_ppm Ni_ppm P_per Pb_ppm Pd_ppb Pt_ppb Rb_ppm Re_ppb S_per Sb_ppm Sc_ppm
Within 2 std dev
Within 3 std dev

Within ±25% x x x x x x
≤3 outside ±25% x x
Outside Limits x

Evaluation below det. below det. below det.
too close 

to det. l imit
1 outside > 

±25%†

mean S4 data 0.43 0.148 0.69 10.6 0.055 10.12 8 1 3.6 1 0.03 0.10 15.6

mean S4 certfied 0.47 0.136 0.67 10.4 0.052 9.78 10 2 3.6 1 0.02 0.09 14.7
Bias¹ -0.09 0.09 0.03 0.02 0.07 0.04 N/A N/A -0.01 N/A N/A 0.15 0.06
% Bias² -8.58 8.57 2.68 1.62 6.63 3.52 N/A N/A -0.77 N/A N/A 15.33 6.31
mean of data 3.04 0.021 0.18 12.2 0.062 56.50 5 1 20.0 1 0.04 2.56 4.2
median of data 2.88 0.020 0.13 11.9 0.058 36.33 5 1 19.5 1 0.04 1.71 4.1
detection limit 0.01 0.001 0.02 0.1 0.001 0.01 10 2 0.1 1 0.02 0.02 0.1
10x detection limit 0.10 0.01 0.20 1.0 0.01 0.10 100.00 20.00 1.00 10.00 0.20 0.20 1.00

Element Se_ppm Sn_ppm Sr_ppm Ta_ppm Te_ppm Th_ppm Ti_per Tl_ppm U_ppm V_ppm W_ppm Y_ppm Zn_ppm

Within 2 std dev
Within 3 std dev

Within ±25% x x x x x x x
≤3 outside ±25% x x

Outside Limits x

Evaluation 4 outs ide   
> ±25%†

below det.
too close 

to det. 
l imit

below det.

mean S4 data 0.6 1.3 48.2 0.03 0.05 3.1 0.479 0.23 0.8 168 0.1 19.63 44.7

mean S4 certfied 0.5 1.3 45.5 0.05 0.02 2.7 0.475 0.20 0.7 176 0.1 20.31 51.2

Bias¹ 0.08 0.00 0.06 N/A N/A 0.13 0.01 0.16 0.18 -0.04 N/A -0.03 -0.13
% Bias² 7.64 -0.21 6.03 N/A N/A 13.28 0.93 15.86 18.37 -4.43 N/A -3.32 -12.65
mean of data 0.4 1.0 85.73 0.03 0.19 6.1 0.071 0.27 1.3 59.54 1.0 7.54 186.8
median of data 0.4 0.8 85.25 0.03 0.12 5.9 0.067 0.25 1.2 58.00 0.4 6.64 117.7
detection limit 0.1 0.1 0.50 0.05 0.02 0.1 0.001 0.02 0.1 2.00 0.1 0.01 0.1
10x detection limit 1.00 1.00 5.00 0.50 0.20 1.0 0.01 0.20 1.0 20.00 1.00 0.10 1.0

Element Zr_ppm

Within 2 std dev
Within 3 std dev

Within ±25% x

≤3 outside ±25%
Outside Limits
Evaluation
mean S4 data 73.4
mean S4 certfied 66.4
Bias¹ 0.11
% Bias² 10.59
mean of data 10.0
median of data 10.3
detection limit 0.1

10x detection limit 1.00

   where the initial 2s and 3s parameter are > +/-25% 
 ! likely to be an anomoly 

1 bias = ((x�� data - x�� standard)/x�� standard) 
² % bias = bias *100 
3  Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 

Colour Code for Bias
>10%

5 to 10%
2 to 5%

-2 to 2%
-2 to -5%

-5 to -10%
<-10%



    
  

8 
 

Field Duplicates 
 
During the 2003-04 and 2006-07 campaigns, field duplicates were collected to determine the sampling variation 
(Table 1).  
 
The duplicate results are presented as graphs for each chemical element, comparing the percentage relative 
difference plotted against the original-duplicate mean (1).  
 

y	axis:											100 ∗
Original − Duplicate

1
2 (Original + Duplicate)

																																																												(1) 

 

x	axis:																						
1
2 (Original + Duplicate)																																																																			 

 
In order to evaluate the precision of the data collected, the percentage relative difference between duplicates was 
calculated. Two pass-fail criteria were applied to each element; 
 
1) An element  �passed � where 95% of values fell within ±20% of the percentage relative difference  
2) The entire dataset  �passed � if the average percentage relative difference of all analytes was <±20%* 

 
A black solid line which represents ten times the detection limit is plotted parallel to Y axis (Figure 2). Samples less 
than 10 times the detection limit and elements where more than 50% of samples were less than 10 times the detection 
limit were excluded from evaluation. 
 
*Elements with sample concentrations close to detection limits show increased variability resulting from difficulties 
maintaining accuracy of measurements at these concentrations.  The second pass-fail criterion accounts for this 
variability by considering the overall average percentage relative difference per element and reflects the overall 
behaviour of the dataset. 
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Figure 1: As, Cd, Cu, Fe, Hg, K, Mo, Pb, S, Zn duplicate graphs. LH column = 2003-04 soils, RH column = 2006-07 soils. 
Horizontal red lines represent ±20 % error margins. Vertical black lines represent ten times the lower detection limit. 
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Figure 1: As, Cd, Cu, Fe, Hg, K, Mo, Pb, S, Zn duplicate graphs. LH column = 2003-04 soils, RH column = 2006-07 soils. 
Horizontal red lines represent ±20 % error margins. Vertical black lines represent ten times the lower detection limit. 
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For soils collected at Collahuasi during 2003-04, 33 of the 34 elements evaluated fell within ±20% of the percentage 
relative difference, 97%.  Overall, the average percentage relative difference for all elements analysed was 4% 
demonstrating a high level of precision. 
 
Table 8: (Collahuasi Soils 2003-04) Reproducibility assessment for field duplicates 

 

 
 
  
 
 
 
For soils collected at Collahuasi during 2006-07, only 5 of the 50 elements evaluated fell within ±20% of percentage 
relative difference, 10%. However, the dataset satisfied the second criteria, with an average percentage relative 
difference across the dataset of <±20%. 
 

Element Ag_ppb Al_per As_ppm Au_ppb B_ppm Ba_ppm Be_ppm Bi_ppm Ca_per Cd_ppm Ce_ppm Co_ppm Cr_ppm

10x detection limit 20.00 0.1 1.00 2.00 10 5 1 0.2 0.1 0.1 1 1.00 5
no samples outside ±20% 0 0 0 0 1 0 0 0 0 0
% within error 100 100 100 100 96 100 100 100 100 100
≥95% data within ±20% x x x x x x x x x x

samples <10x det. limit x x x
<95% within ±20%
Average % relative 
difference > ±20%

5 3 4 N/A N/A 5 N/A 6 3 7 5 3 3

Element Cs_ppm Cu_ppm Fe_per Ga_ppm Ge_ppm Hf_ppm Hg_ppb In_ppm K_per La_ppm Li_ppm Mg_per Mn_ppm

10x detection limit 0.2 0.10 0.10 1 1 0.2 50 0.2 0.1 5 1 0.1 10.00
no samples outside ±20% 0 2 0 0 0 0 0 0 0
% within error 100 92 100 100 100 100 100 100 100
≥95% data within ±20% x x x x x x x x
samples <10x det. limit x x x x
<95% within ±20% x
Average % relative 
difference > ±20%

4 8 2 4 N/A N/A N/A N/A 3 5 5 2 3

Element Mo_ppm Na_per Nb_ppm Ni_ppm P_per Pb_ppm Pd_ppb Pt_ppb Rb_ppm Re_ppb S_per Sb_ppm Sc_ppm

10x detection limit 0.10 0.01 0.2 1.00 0.01 0.10 100 20 1 10 0.2 0.2 1
no samples outside ±20% 0 0 0 0 0 0 1 0
% within error 100 100 100 100 100 100 96 100
≥95% data within ±20% x x x x x x x x
samples <10x det. limit x x x x x
<95% within ±20%
Average % relative 
difference > ±20%

4 4 N/A 4 3 4 N/A N/A 4 N/A N/A 6 3

Element Se_ppm Sn_ppm Sr_ppm Ta_ppm Th_ppm Ti_per Tl_ppm U_ppm Te_ppm W_ppm V_ppm Y_ppm Zn_ppm

10x detection limit 1 1 5 0.5 1.00 0.01 0.2 1.00 0.2 1 20 0.1 1.00
no samples outside ±20% 0 0 0 0 0 0
% within error 100 100 100 100 100 100
≥95% data within ±20% x x x x x x
samples <10x det. limit x x x x x x x
<95% within ±20%
Average % relative 
difference > ±20%

N/A N/A 2 N/A 4 4 N/A N/A N/A N/A 2 3 4

Element Zr_ppm

10x detection limit 1
no samples outside ±20% 0
% within error 100
≥95% data within ±20% x
samples <10x det. limit
<95% within ±20%
Average % relative 
difference > ±20%

4

53

33
33

1
1

19
19

97%

4%

Total no. of elements not meeting first QC criterionB
≥95% dupl icates within ±20% of %relative difference
Total no. of elements meeting first QC criterionA

Total no. of elements evaluated

Collahuasi (2003-04) Duplicates - Summary

>50% of samples below 10x detection limit
Total no. of elements excluded from QC criterion

(1) % duplicates with ≥95% samples within ±20% of 
relative difference ((A/(A+B))x100)

(2) Average of average % relative difference:

<95% dupl icates within ±20% of %relative difference
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The elements analysed exhibited more variability than the 2003-04 dataset and this is reflected in the high failure of 
the first criterion. As reflected in the results of the second criterion however, the range of variability is low  � 
consistently <±20% except for Au, which probably reflects the well known  �nugget effect � during sub analysis. 
 
Overall, the average percentage relative difference for all elements analysed was 14%. Hence, the dataset has an 
acceptable level of precision for further work.  
 
Table 9: (Collahuasi Soils 2006-07) Reproducibility assessment for field duplicates 

 
 
 
 
 
 
 

Element Ag_ppb Al_per As_ppm Au_ppb B_ppm Ba_ppm Be_ppm Bi_ppm Ca_per Cd_ppm Ce_ppm Co_ppm Cr_ppm

10x detection limit 20.00 0.01 1.00 2.00 10 5 1 0.2 0.01 0.1 1 1.00 5
no samples outside ±20% 6 6 3 13 3 6 3 8 3 3 10
% within error 78 78 89 28 89 78 89 70 89 89 63
≥95% data within ±20%

samples <10x det. limit x x
<95% within ±20% x x x x x x x x x x x
Average % relative 
difference > ±20%

15 14 13 60 N/A 9 N/A 13 11 18 11 10 18

Element Cs_ppm Cu_ppm Dy_ppm Er_ppm Eu_ppm Fe_per Ga_ppm Gd_ppm Ge_ppm Hf_ppm Hg_ppb Ho_ppm In_ppm

10x detection limit 0.2 0.10 0.2 0.2 0.2 0.01 1 0.2 1 0.2 50 0.2 0.2

no samples outside ±20% 7 9 5 3 5 1 7 8 3 7
% within error 74 67 81 80 81 96 74 70 89 74
≥95% data within ±20% x
samples <10x det. limit x x x
<95% within ±20% x x x x x x x x x
Average % relative 
difference > ±20%

16 19 14 16 15 7 14 16 N/A N/A N/A 13 15

Element K_per La_ppm Li_ppm Lu_ppm Mg_per Mn_ppm Mo_ppm Na_per Nb_ppm Nd_ppm Ni_ppm P_per Pb_ppm

10x detection limit 0.01 5 1 0.2 0.1 10.00 0.10 0.01 0.2 0.2 1.00 0.01 0.10
no samples outside ±20% 1 7 2 3 4 6 2 7 4 4 7
% within error 96 74 93 89 85 78 93 74 85 85 74
≥95% data within ±20% x
samples <10x det. limit x x
<95% within ±20% x x x x x x x x x x
Average % relative 
difference > ±20%

9 16 N/A 11 9 13 12 9 N/A 15 11 11 14

Element Pd_ppb Pr_ppm Pt_ppb Rb_ppm Re_ppb S_per Sb_ppm Sc_ppm Se_ppm Sm_ppm Sn_ppm Sr_ppm Ta_ppm

10x detection limit 100 0.2 20 1 10 0.1 0.2 1 1 0.2 0.2 5 0.5
no samples outside ±20% 5 5 7 6 3 11 8 0
% within error 81 81 74 78 89 59 70 100
≥95% data within ±20% x
samples <10x det. limit x x x x x
<95% within ±20% x x x x x x x
Average % relative 
difference > ±20%

N/A 15 N/A 15 N/A 16 14 13 N/A 19 16 9 N/A

Element Tb_ppm Te_ppm Th_ppm Ti_per Tl_ppm Tm_ppm U_ppm V_ppm W_ppm Y_ppm Yb_ppm Zn_ppm Zr_ppm

10x detection limit 0.1 0.2 1.00 0.01 0.2 0.1 0.10 20 0.1 0.1 0.1 1.00 1
no samples outside ±20% 7 3 6 6 5 2 1 1 7 7
% within error 74 89 78 78 81 93 96 96 74 74
≥95% data within ±20% x x
samples <10x det. limit x x x
<95% within ±20% x x x x x x x x
Average % relative 
difference > ±20% 12 N/A 11 16 15 14 9 7 15 15 N/A 13 N/A

65

5
5

45
45
15
15

10%

14%

>50% of samples below 10x detection l imit

Total no. of elements evaluated

(1) % duplicates with ≥95% samples within ±20% of relative 
difference ((A/(A+B))x100)

(2) Average of average % relative difference:

Collahuasi (2006-07) Duplicates - Summary

Total no. of elements excluded from QC criterion
<95% duplicates within ±20% of %relative difference
Total no. of elements not meeting QC criterionB

≥95% duplicates within ±20% of %relative difference
Total no. of elements meeting QC criterionA
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A6. Robust Correlation Analysis Matrices  
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